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How you can prevent attacks of angina pectoris 


Three new studies have recently been added to 
the extensive investigation of Peritrate’s effective- 
ness in preventing attacks of angina pectoris: 


For some patients, state Rosenberg and Michelson, 
Peritrate “may mean the difference between com- 
plete, or almost complete, absence of symptoms, or 
a prolonged illness with much sufferi.g.”’ Am. J. 
M. Se. 230:254 (Sept.) 1955. 


“Impressive and sustained improvement” 
was also observed in a small number of patients 
treated by Kory e¢ al., Am. Heart ]. 50:308 (Aug.) 
1955. 

Peritrate, as evaluated by Russek’s group, “was 


found to exert a marked modifying influence . . .” 
on EKGs and “. . . exhibited its action up to five 


hours or more following administration. . . . 
Circulation 12:169 (Aug.) 1955. 


By prescribing Peritrate on a continuous daily dos- 
age schedule (10 or 20 mg. 4 times a day) you can 
diminish the number and severity of attacks... 
reduce nitroglycerin dependence . . . increase ex- 
ercise tolerance... improve abnormal EKG findings. 


Usual dosage: 10 to 20 mg. before meals and at 
bedtime. 


Five convenient dosage forms: Peritrate 10 mg. 
and 20 mg.; Peritrate Delayed Action (10 mg.) for 
extended protection at night; Peritrate with Pheno- 
barbital (10 mg. with phenobarbital 15 mg.) where 
sedation is also required; Peritrate with Aminophyl- 
line (10 mg. with 100 mg. aminophylline) in cardiac 
and circulatory inadequacy. 


Peritrate’ 


(BRAND OF PENTAERYTHRITOL TETRANITRATE) 
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ment, with all entries for a given year alphabetized according to the surname of the first 
author, may be used if preferred. References should be typed on a special page at end of 
manuscript. They should conform to the style of the Quarterly Cumulative Index Medicus, 
and must include, in the order given, name of author, title of article (with subtitle), name 
of periodical, with volume, page, month—day of month if weekly or biweekly—and year. 
Names of periodicals should be given in full or abbreviated exactly as in the Quarterly 
Cumulative Index Medicus. Reference to books must contain, in the order given, name of 
author, title of book, city of publication, name of publisher, and year of publication. Titles 
of foreign articles, if originally in a generally known Romance or Germanic tongue, must 
either all be in English translation or all be in the original language. Titles in other 
languages must be translated. The author must assume responsibility for the accuracy of 
foreign titles. 
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Oatmeal 


in the 
light of 
Current 


Nutritional 


Knowledge 


In dietary management, virtu- 
ally regardless of the adjust- 
ment to be made, oatmeal 
proves remarkably valuable. It 
is low in sodium, low in purines, 
low in inert residue, high in 
protein, notable for its vitamin 
and mineral content, yet not 
excessive in calories. 


The 


CHICAGO 


resent nutritional knowledge, greatly advanced 
during the past two decades, again enhances the 
time-honored position of this widely eaten break- 
fast dish—rolled oats with milk and sugar. 


The protein content of oatmeal, unaffected 
by processing or preparation for the table, is 
higher than that of other commonly eaten whole- 
grain cereals. The protein of the oatmeal and milk 
serving is of high biologic value. The carbohydrate 
is readily digested and available for energy needs. 


Among whole-grain cereal foods, oatmeal 
ranks among the highest in thiamine. It also con- 
tributes notable amounts of other B-complex vita- 
mins. 


For mineral content, too, oatmeal is rated 
among the leaders. It is outstanding for iron and 
phosphorus. Because of its low sodium content, 
it is particularly well suited for sodium-restricted 
diets. 


The low cost of Quaker Oats and Mother’s 
Oats, their delicious nutlike flavor, assured by 
careful selection of the oats used, together with 
their high nutrient value, warrant the physician’s 
continued recommendation of oatmeal as a key 
dish of America’s breakfast. 


Quaker Oats and Mother’s Oats, the two brands 
of oatmeal offered by the Quaker Oats Company, are 
identical. Both brands are available in the Quick 
(cooks in one minute) and the Old-Fashioned (cooks 
in 5 minutes) varieties wh ich are of equal nutrient value. 
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Humidity and bacterial growth . . 


How contracted . . 
. . prevention 


common problems 


healthful living 


by Anna May Wilson 
4 pages, 10 cents 


THE WEATHER AND YOUR HEALTH 


by W. A. Sommerfield 
12 pages, 15 cents 


. . odors . . cool dry air 


LET'S BANISH RABIES 


by Paul de Kruif 
4 pages, 10 cents 


order now 


I enclose $ 


——THE FIVE ESSENTIALS FOR NUTRITIONAL 
HEALTH, 10 CENTS 


——THE WEATHER AND YOUR HEALTH, 15 CENTS 


——LET'S BANISH RABIES, 10 CENTS 
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THE FIVE ESSENTIALS FOR NUTRITIONAL HEALTH 


The “Handy Eating Plan” makes it easy for anyone 
to be sure he’s getting enough of all food elements. 


air motion . . 


incubation period . . danger signs 


——THE COMMUNITY SWIMMING POOL, 15 CENTS 


—— YOUR STAKE IN MENTAL HEALTH, 10 CENTS 


THE COMMUNITY SWIMMING POOL 
by William O. Wetmore 
8 pages, 15 cents 
Life guard requirements . . sanita- 
tion and purification . . skin diseases 
. chlorine . . filters 


YOUR STAKE IN MENTAL HEALTH 
by George S. Stevenson 
4 pages, 10 cents 
A general discussion of mental ill- 
ness written to enlighten the public. 


ROADS TO RELAXATION 

by Joseph L. Fetterman 

4 pages, 10 cents 
Tips for “letting loose” . . how to 
avoid getting tied-up in knots 


for the number of pamphlets I have indicated below. 


——ROAD RELAXATION, 10 CENTS 


CITY. 


ZONE... STATE. 
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Throughout the world... 
use millions cases 
and reports by thousands 
of physicians have built 


confidence in TERRAMYCIN 


BRAND OF OXYTETRACYCLINE 


...a well-tolerated, 
rapidly effective 
broad-spectrum 
antibiotic of choice. 


Capsules, tablets, 
taste-tempting liquid 
forms and special 
preparations for 
parenteral, topical 
and ophthalmic use. 


PrizErR LABORATORIES 
Division, Chas. Pfizer & Co., Inc. 
Brooklyn 6, N. Y. 
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in severe asthma... 


Relief of psychic stress is often as important as control of offending 
allergens in the successful treatment of many patients with severe 
asthma. 


‘Thorazine’ has a definite place in the treatment of severe asthma. 
The unique ataraxic, tranquilizing effect of ‘Thorazine’ controls the 
emotional processes which may either cause or aggravate and prolong 
the severe asthmatic attack. Furthermore, ‘Thorazine’—unlike calming 
agents previously used—causes little or no respiratory depression. 


It goes without saying that not all cases of asthma are suitable for 
‘Thorazine’ therapy. “Thorazine’ is most useful when the psychic 
element is important. 


‘Thorazine’ should be administered discriminately and, before prescribing, the 
physician should be fully conversant with the available literature. 


‘Thorazine’ is available in ampuls, tablets, and syrup (as the hydrochloride), and in 
suppositories (as the base). 


Smith, Kline & French Laboratories, Philadelphia ] 


*T.M. Reg. ULS. Pat. Off. for chlorpromazine, S.K.F. 
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“Bowel Fear” in 


METAMUCIL® IN ANORECTAL CONDITIONS 


Apprehension of painful bowel movement in 
anorectal conditions initiates a vicious cycle. 


Anorectal Surgery and Hemorrhoids 


A most difficult phase of treatment in procto- 
logic conditions is bowel hygiene. The patient’s 
fear of pain in the presence of hemorrhoids or 
following surgery sets up a psychosomatic con- 
ditioning which leads to constipation. 

In the management of this type of constipa- 
tion and the atonic type, cathartics should be 
avoided as much as possible. 

The administration of Metamucil, a rounded 
teaspoonful in a glass of cool water every morn- 
ing upon arising, and the formation of the after- 
breakfast habit of defecation are usually effec- 
tive. The patient is instructed to try to have the 
bowels act immediately after breakfast, take 
deep breaths and make deep pressure on the left 
side of the abdomen, repeating this pressure 
again and again until complete bowel action 
results.* 

Metamucil is not laxative in action but pro- 
motes physiologic peristalsis by its soft, plastic, 


“smoothage” bulk, which exerts a gentle stim- 
ulating effect on the intestinal musculature. 
Each dose of Metamucil (in a glass of cool 
water, milk or fruit juice) may be followed by 
another full glass of fluid if additional fluid in- 
take is desired. 

Metamucil is nonallergenic, nonirritating and 
truly physiologic in initiating the peristaltic re- 
flex and abolishing the patient’s fear of discom- 
fort and pain. 

Metamucil is the highly refined mucilloid of 
Plantago ovata (50%), a seed of the psyllium 
group, combined with dextrose (50%) as a dis- 
persing agent. It is supplied in containers of one 
pound—also four ounces and eight ounces. 
G. D. Searle & Co., Research in the Service of 
Medicine. 


*Soper, H. W.: Diseases of the Rectum and Colon: Their 
Diagnosis and Treatment, Am. J. Proctol. 4:113 (June) 1953. 
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Editorials 


PROGNOSIS 


LTHOUGH prognosis—that branch of medicine which deals with the predic- 
tion of the course and outcome of disease—is tacitly recognized as being of 

the greatest importance, little has been written in the way of systematic analysis 
of the subject. And yet prognosis—outlook—is often the first thing about which 
the family and the patient inquire. What are his chances? How long will he be 
sick? In what sort of shape will he be left? are questions which the doctor is 
called on every day to answer. The older physicians spoke of prognosis quoad 
vitam and prognosis quoad sanationem. The first referred to death or survival. 
The second concerned health; in other words, even if the patient lives how long 
will he be ill, what will be the character of the course of the disease, and in what 
sort of condition will he emerge from his illness? These very terms indicate that 
prognosis is an analytical process. 
Prognosis is based on past experience; large accumulations of statistics, indi- 
vidual experience, and laboratory tests are the essential facts. Prognosis can never 
be completely accurate, because there will always be the unforeseen or the acci- 
dental. However, like the predictions of the weather bureau, there it at least a 
sound underlying basis. It seems of interest, therefore, to break down the various 
classes of data on which prognosis is based ; they fall into five groups. 
A. First there are the gross statistical facts of a disease. Thus one knows in a 
general way that the outlook with abdominal cancer is bad, whereas with basal-cell 
epithelioma of the skin it is quite good. Rabies is notably fatal after symptoms set 
in, whereas practically no one ever dies of mumps. Meningioma is well known to 
have a better outlook than glioblastoma. One could multiply examples indefinitely. 
B. Next to be considered are special conditions in the patient which have been 
found to be statistically important. Here one deals with such matters as age, sex, 
race, habits, etc. Given, for example, two patients with an equal degree of hyper- 
tension, obesity in one of them would be regarded as an adverse factor. Tuber- 
culosis in general has a worse outlook in the Negro race than in whites. Of two 
patients with chronic hepatitis the one who insists on a heavy intake of alcohol 
would on the whole impair his chances for the future. Typhoid fever is well known 
to be a benign disease in children whereas it is much more serious in old people. 
C. Next we come to special features of the indivdual case; here we deal with 
minutiae to which clinical experience has given importance, and many examples 
could be given of some special circumstance in a patient which apart from the gen- 
eral statistics of his disease will modify the outlook for the worse. Shock in coro- 
nary occlusion, anuria in the course of “lower nephron nephrosis,” an enterococcus 
instead of an S. viridans in bacterial endocarditis immediately force on the physi- 
cian a more guarded prognosis. These data are highly individualized and are usually 
gathered at the bedside. 
D. Amenability of a disease to therapy is of course of the utmost importance 

in prognosis. The alteration in outlook of pneumococcal pneumonia after penicillir 
came into use, the discovery of insulin for diabetes, of liver for pernicious anemia 
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are obvious examples. With cancer the presence of untreatable metastases immedi- 
ately alters prognosis, as does, let us say, with a Staphylococcus bacteremia the 
discovery that the organism is resistant to the available antibiotics. 

E. Finally, the possiblity of an unexpected accident must be taken into account 
in making a prognosis. Every careful physician will be guarded in his predictions 
during the first few weeks after a coronary occlusion no matter how well the pa- 
tient “looks,” because of the possibility of sudden ventricular tachycardia or other 
serious arrhythmia, embolus, or rupture. In the days when saccular aneurysm was 
frequent one never knew when rupture might occur. In a patient with “malignant” 
hypertension the outlook must always be qualified by the possibility of a sudden 
vascular accident. 

When the experienced physician looks at a patient and quickly announces “he 
will recover,” his pronouncement is actually based on a consideration of all of the 
above factors; only, with experience the analytical process may become lightning 
fast and indeed may be largely carried on subconsciously. The young doctor, how- 
ever, may well profit by deliberately taking into account the various factors in 
prognosis which have been mentioned and by making a conscious analysis of the 
situation in the case of his patients. Such a running of mental scales will help 


develop later virtuosity. MD 


= 

a 

an 

if 

i 

Se 


INTERNAL MEDICINI 


sychological Response fo in 


S. RICHARDSON HILL Jr., M.D. 
FREDERICK C. GOETZ, M.D. 
HENRY M. FOX, M.D. 
BENJAMIN J. MURAWSKI, Ph.D. 
LEWIS J. KRAKAUER, M.D. 
ROBERT W. REIFENSTEIN, M.D. 
SEYMOUR J. GRAY, M.D. 
WILLIAM J. REDDY, A.B. 
STEPHEN E. HEDBERG, M.D. 
JACQUES R. ST. MARC, M.D. 
and 

GEORGE W. THORN, M.D., Boston 


Introduction 

Methods 
Metabolic 
Statistical 
Psychologic 


Submitted for publication Sept. 2, 1955. 

From the Departments of Medicine and Psy- 
chiatry, Harvard Medical School, and the Depart- 
ment of Medicine, Peter Bent Brigham Hospital ; 
present address: Medical College of Alabama and 
Veterans Administration Hospital, Birmingham, 
Ala. (Dr. Hill). 

Dr. Thomas B. Quigley, Dr. Harrison E. Ken- 
nard, Mr. Harvey M. Love, and Mr. Joseph 
Murphy cooperated in arranging for and assisting 
with these studies. Dr. William E. Reynolds and 
Dr. Mindel C. Sheps gave advice and assistance 
in regard to statistical analysis of the data. The 
members and managers of the varsity crews co- 
operated in this study. 

These studies were supported by funds from 
the National Institutes of Health of the United 
States Public Health Service; the Eugene Higgins 
Trust of the Harvard Medical School, the Ford 
Foundation, and the Medical Research and Develop- 
ment Board, Office of the Surgeon General, Depart- 
ment of the Army, under Contract Nos. DA-49- 
007-MD-135 and DA-49-007-MD-213. 


Metabolic Observations 
Eosinophile level 
Urinary total 17-hydroxycorticoid excretion 
Urinary 17-ketosteroid excretion 
Uropepsin excretion 
Correlations between 17-hydroxycorticoids, 17- 
ketosteroids, and uropepsin values 
Complementary studies 
Long-distance running 
Studies on 17-hydroxycorticoid excretion 
in sweat 
“Utilization” studies 


Metabolic Interpretations 
Adrenocortical secretory response to the race 
“Increased utilization” 
Eosinophile levels and 
excretion 
Physical exercise vs. psychological stress 


17-hydroxycorticoid 


Psychological Observations 
Group Rorschach 
Thematic Apperception Test 
Personal interviews 
Psychological Interpretation 
Summary of psychological findings on the crew 
Supplementary studies of psychologic stress and 
adrenal cortical activation 
Metabolic and Psychological Correlation 
Conclusions 
References 
INTRODUCTION 
Evaluation of the role of the adrenal cor- 
tex in the response of man to stressful 
situations continues to be a problem of major 
interest to medical investigators. Earlier 
studies suggested that the adrenal cortex 
responds actively and promptly to many, but 
not all, psychic and physical stresses.' In 
many of the studies, changes in the level of 
circulating lymphocytes or eosinophiles and 
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in the urinary excretion of 17-ketosteroids 
were employed as indicators of adrenal cor- 
tical activation. It is well appreciated that 
these indices are not specific indicators of 
adrenal cortical activation. For example, it 
is known that epinephrine is capable of in- 
ducing a decrease in circulating eosinophiles 
in the absence of functioning adrenal cortical 
tissue * and that the urinary excretion of 
17-ketosteroids in males reflects testicular, 
as well as adrenocortical, secretory products. 
It appeared worth while, therefore, to in- 
vestigate further the response of the adrenal 
cortex to stress, employing techniques which 
measure adrenal cortical activation more 
directly.* In addition, it appeared highly 
desirable to analyze further the relative im- 
portance of physical and psychological fac- 
tors as activators of adrenal cortical function. 
To this end a group of endocrine-metabolic 
investigators collaborated with a team of 
psychologists and psychiatrists in a joint and 
expanded study of a stress situation to which 
both groups had devoted considerable time 
and effort in previous years. 

An earlier study of a college crew during 
a four-mile race suggested, on the basis of 
changes in the circulating eosinophile count, 
that the physical and emotional tension inci- 
dent to the race was sufficient to produce 
increased adrenal cortical activity. Whether 
the eosinopenia observed in this study re- 
flected predominantly adrenal cortical or 
adrenal medullary response could not be 
determined conclusively with the techniques 
employed at that time. 

It was hoped that in the present study of 
a college crew under similar circumstances 
the measurement of changes in total urinary 
17-hydroxycorticoid excretion by a technique 
recently devised * might provide a practical 
method of obtaining a partial answer to this 
question. Earlier studies on normal subjects 
had indicated that a quantitative relationship 
exists between the percentage fall in circulat- 
ing eosinophiles and the rise in total 17- 
hydroxycorticoid material in the urine in 
response to a four-hour period of cortico- 
tropin (ACTH) administration.* Under these 
specific circumstances a fall in circulating 
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eosinophiles of 40% to 50% was charac- 
teristically accompanied by an increase of 
approximately 0.5 to 1.0 mg. in total urinary 
hydroxycorticoid material during the four- 
hour period immediately following cortico- 
tropin administration. Thus, an eosinopenia 
observed under stress without an accom- 
panying increase in urinary 17-hydroxycorti- 
coid excretion might (1) reflect an eosino- 
penia mediated by  extra-adrenocortical 
factors, such as epinephrine, or (2) indicate 
altered metabolism of adrenal steroids fol- 
lowing a standard secretory response or (3) 
result from varying combinations of both 
reactions. Obviously, a definitive answer to 
this problem must await the development of 
satisfactory methods for the determination 
of the principal metabolic products of both 
cortical and medullary hormones in blood 
and urine. 

In the earlier study of college oarsmen it 
was observed that the eosinophile levels of 
the coxswain and the coach also fell during 
the race.* This indicated quite clearly that 
the physical exertion of rowing was not the 
only stress involved capable of inducing a 
marked eosinopenia. From these observa- 
tions, it appeared essential to include psycho- 
logical observations in an effort to correlate 
the relation between the emotional make-up 
and biological response of the several crew 
members. For this purpose, an interview 
with a psychiatrist, Rorschach tests, and 
Thematic Apperception Tests were inte- 
grated with the clinical and metabolic ob- 
servations. 

Because changes in uropepsin excretion 
have been observed under stress and because 
of the known relationship between uropepsin 
excretion and adrenal cortical activity,’ 
terminations of urinary uropepsin excretion 
also were carried out in the 1954 studies. 


de- 


The studies on the crew have been supple- 
mented by other experiments designed to 
elucidate further (1) the relative importance 
of physical exercise and psychological stimu- 
lation as adrenal cortical activators and (2) 
mechanisms which might modify the inter- 
mediary metabolism and excretion of adrenal 
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Adrenal steroid excretion 
and changes in the level of circulating eosino- 
philes were followed in normal subjects 
participating in other forms of athletics. Also 
investigated were the effects of exercise on 
four patients with Addison’s disease receiv- 
ing a constant infusion of glucocorticoids. 
One patient with bilateral adrenal cortical 
hyperplasia who performed a standardized 
exercise test was also studied. Because of 
the large weight losses (3 to 4 kg.) observed 
in the crew members during the course of a 
four-mile race, an analysis of the possible 
loss of 17-hydroxycorticoids in sweat was 
undertaken.® 

To gain insight into the metabolic response 
of normal subjects undergoing psychological 
stimulation, studies were made on medical 
students during the second-year final exam- 
inations and on fourth-year students who 
were presenting a case for the first time 
before the assembled senior staff of the hos- 
pital. Candidates for the Ph.D. degree were 
also studied during the period of their gen- 
eral examinations, and a mixed professional 
group was observed during the showing of 
a documentary film of primitive tribal rites 
designed to elicit an intense emotional re- 
sponse. 


cortical steroids. 


METHODS 
MeTABOLIC METHODS 

As in the previous study,* the subjects were 
college crew members observed during the final 
two weeks of intensive preparation for an inter- 
collegiate race, the finale of the rowing season. 
The study was restricted to the eight oarsmen of the 
1953 and 1954 crews and their coxswains; three 
persons, Nos. 3, 5, and 8, were common to both 
the 1953 and the 1954 crews. The 1954 varsity 
crew manager was also studied. 

The 1953 crew members ranged in age from 19 
to 21 and in weight from 168 to 193 Ib., except 
for the coxswain, who weighed 126 lb. All were 
in excellent health at the time of the study. Only 
one man (No. 3) presented a history of allergy 
(seasonal hay fever). However, he showed no 
appreciable eosinophilia. The 1954 crew members 
ranged in age from 19 to 21 and in weight from 
170 to 198 Ib., except for the coxswain, who weighed 
135 lb. All were in excellent health. Two men had 
a history of allergy: i. e., No. 6 gave a history of 
seasonal hay fever and No. 10 had_ nonspecific 
skin allergies. Both persons exhibited some degree 
of eosinophilia. 


In 1953 and in 1954 the crews followed a similar 
schedule and were studied in the same environment. 
During the two weeks preceding the race, the 
crew members lived a comparatively isolated 
existence in special training quarters. Food was 
plentiful, and rest was ample; distractions were 
minimized and prohibited. The varsity 
crew lived and ate apart from the members of 
other crews, i. e., junior varsity and freshman 
crews. There was complete devotion to the task 
of training for the race. Except for Sundays, when 
there was no rowing, each day included two periods 
of practice rowing of one to two hours each, in 
the morning between the hours of 7:00 a. m. and 
8:30 a. m. and in the late afternooon between 
5:30 p. m. and 7: 30 p. m. Other than this, only 
light exercise was allowed. Three time trials, in 
which the four-mile race course was covered at 
racing speed, were held each year in place of one 
of the regular afternoon practice sessions. The 
last time trial took place one week before the 
varsity race. The time required to cover the four- 
mile course at racing speed was usually 20 to 23 
minutes. The physical exertion expended in the 
time trials was entirely comparable to that ex- 
pended during the varsity race. The intercollegiate 
varsity race took place at approximately the same 
time as the afternoon practice sessions. In 1953 
it was apparent from the beginning of the race 
that the crew under study would probably win. 
This was much different from the experience in 
1954, in which the outcome was very doubtful 
throughout the entire race. The race was won 
in 1953 and lost in 1954. In 1953, the membership 
of the varsity crew was stable throughout the 
two-week training period, whereas in 1954 three 
substitutions (Nos. 2, 3, and 7) were made ap- 
proximately 10 days before the race. 


visitors 


Eosinophile counts were taken on the 1953 crew 
at approximately 5 p. m. and 9 p. m. on the follow- 
ing days: two Sundays on which there was no 
rowing, one day of regular practice, two time- 
trial days on which the race course was covered 
at racing speeds, and on the day of the varsity 
race. An attempt was made to obtain the final 
eosinphile count two to four hours after exer- 
cise, and for this reason the late evening counts 
were occasionally carried out at 10 or even 11 p. m. 
In 1954, eosinophile counts were done at 9 a. m., 
just after the morning practice period, as well 
as at 5 p. m. and 9 p. m. on control, practice, time- 
trial, and race days. Capillary blood samples were 
obtained for eosinophile counts from the ear lobes 
and were stained with phloxine B-propylene glycol 
stain, as previously reported.? One white blood cell 
pipette was filled and two to four chambers were 
counted for each determination. At the level of 
eosinophiles encountered in most of the subjects, 
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a reduction of greater than 40% is considered 
significant.§ 

In 1953, urine specimens were collected on one 
Sunday, a time-trial day, and the race day. Urine 
was collected from 9 a. m. to 1 p. m, 1 p. m. 
to 5 p. m., 5 p. m. to 9 p. m., and overnight (except 
that no 9 a. m. to 1 p. m. specimen was obtained 
on the time-trial day) ; these times are approximate 
(Table 3). The specimens were measured; a few 
drops of toluene were added as a preservative, and 
an aliquot was stored at refrigerator temperature. 
Within two weeks, creatinine and 17-hydroxycor- 
ticoid determinations were carried out on these 
specimens. 

In 1954, specimens were collected from 9 a. m. to 
1 p.m. 1 p. m. to 5 p. m, 5 p. m. to 9 p. m., and 
9 p. m. to 9 a. m. on a Sunday, a regular practice 
day, a time-trial day, and the race day. The speci- 
mens were measured, and an aliquot was stored, as 
with the 1953 specimens, except that no preservative 
was added. Determination of 17-hydroxycorticoid, 
17-ketosteroid, uropepsin, and creatinine excretion 
was performed on each specimen. 

Estimation of total urinary 17-hydroxycorticoids 
was done by a method previously described.* Normal 
values for this method range from 1 to 10 mg. per 
24 hours for young men. Results are expressed as 
milligrams of corticoid excreted per four hours and 
represent averages of duplicate determinations. 

The urinary 17-ketosteroids were determined by 
a modification of the method of Drekter and co- 
workers,® whereby the colorimetry was performed 
as in the procedure of Holtorff and Koch.!° Nor- 
mal values range from 14 to 25 mg. per 24 hours 
for young men. In the present study the results are 
expressed as milligrams per four hours. 

Uropepsin was determined by a modification ° of 
the methods described by Bucher and by Anson and 
Mirsky.* Results are reported in terms of units per 
four hours. The range of normal values for this 
determination in 120 hospitalized patients without 
demonstrable gastrointestinal disease is 1200 to 
3800 units per 24 hours. Recent unpublished data, 
however, suggest that higher values may be an- 
ticipated in normal young males under the common 
stress of college work.7 

Creatinine excretion was measured by Folin’s 
method, as modified by Lambert.1* Results are ex- 
pressed as milligrams per 24 hours. 

To minimize the effect of minor inaccuracies in 
the timing of urine collections, the values for each 
subject were corrected according to the average 
creatinine content of all his specimens. In every 
case, however, the corrections were insignificant. In 


* References 11 and 12. 
Gray, S. J., and Krakauer, L. J.: Unpub- 
lished data. 
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two instances in 1954 (5 to 9 p. m. specimens on 
race day, Subjects 2 and 9) in which the creatinine 
value was obviously so low as to indicate grossly 
faulty collection, the values were discarded, and in 
the statistical analysis these values were calculated 
by the method of fitting constants. 


STATISTICAL METHODS 


Although this study was not designed 
primarily for statistical analysis, on review 
of the data such an analysis appeared justi- 
fied in an attempt to direct future studies 
and to define more precisely the limitations 
of the data obtained. 

Statistical comparisons of the 1953 data were 
made by Students’ “?’” test, and values for P were 
obtained from the standard tables of Fisher. 

A split-plot analysis of variance 14 was carried 
out on the 1954 17-hydroxycorticoid, 17-ketosteroid, 
and uropepsin determinations, with use of three 
periods (9 a. m. to 1 p. m., 1 to 5 p. m., and 5 to 
9 p. m.) and three days (control, practice, race), 
in which individual subjects were considered main 
plots and days were considered as the treatments 
applied to the main plots. The differences between 
periods and the day-by-period interactions were con- 
sidered as treatments applied to the subplots. 

In the analysis of variance on the 17-hydroxy- 
corticoids, it was suspected that the error term was 
heterogeneous, and therefore separate analyses of 
variance by individual subjects were made. It was 
found by Bartlett's test that the suspected hetero- 
scedasticity was present. This is interpreted as 
meaning that the individual members of the crew 
varied significantly (0.03> P >0.01) with respect 
to the change in trend of 17-hydroxycorticoid out- 
put on race day as compared with the control and 
practice days. 

Further, a multiple correlation analysis }5 was 
carried out between the 17-hydroxycorticoids, 17- 
ketosteroids, and uropepsin determinations on both 
the total and individual data for 1954. Ninety-five 
per cent confidence limits were calculated for the 
total data. 


PsycHoLocic METHODS 


Psychologie methods of observations were 
selected which could elucidate the character- 
istic pattern of each person’s response to life 
stress, his motivations for varsity rowing, 
and the nature of his identification with the 
crew as a group. 

Psychological studies of the 1953 crew included 
only a group Rorschach test.~ This procedure 
provides a rapid method for the estimation of 


t References 16 and 17. 
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each person’s emotional drives and energies as 
well as his characteristic way of responding to them. 
The group Rorschach, which was administered a 
week before the race, seemed appropriate and ac- 
ceptable, since the crew members were living, as 
well as rowing, together. Although this procedure 
illuminated the variety of personality differences 
among the various men, the Rorschach test could 
not give information concerning the significance of 
rowing and of the race to the individual members 
of the crew. Psychological study of the 1954 crew 
included a repetition of the group Rorschach test, an 
individual Thematic Apperception Test (TAT),'§ 
and a personal interview conducted by an experi- 
enced psychiatrist. 


In the 1953 study the psychologist was introduced 
to the crew one evening after the men had finished 
dinner in their private dining room at training head- 
quarters. Instead of watching a movie, the men 
were asked to take a personality test. They were 
handed several sets of Rorschach psychodiagnostic 
plates. Each set included ten ink blots, five colored 
and five black and gray. The men were asked to 
look at each card for two minutes, during which 
they were asked to write down anything they saw 
in the ink blot or anything the blot suggested. This 
procedure took approximately 20 minutes. The men 
were then asked to circle a blot on a facsimile of 
the test card in order to indicate how much of the 
blot was included in the response. They were also 
asked to indicate what it was about the card that had 
helped them to see what they described. Their at- 
tention was called to the fact that form, movement, 
color, or shading might have been a leading de- 
terminant for each object perceived. In other words, 
the men were invited to assist in the preliminary 
classification of their responses. In the 1954 study, 
the Rorschach test was administered to the crew in 
a similar fashion six weeks before the race. It was 
then repeated one week prior to the race in order to 
determine whether the imminence of the race as well 
as the intensive training program had affected the 
psychological response to the test. Because of late 
substitutions in the crew line-up, only seven men 
were tested on both occasions. 


In 1954, approximately six weeks before the race 
the physician responsible for the medical care of the 
crew asked the men to cooperate in a research study 
in which an attempt would be made to determine 
whether there might be any relationship between a 
person’s background and temperament and the 
nature of his physiological response as measured 
by a biochemical study of urine collected at certain 
intervals. A personal interview with the psycholo- 
gist and also with the psychiatrist was scheduled 
for each man. The psychiatrist explained that the 
interview was tape-recorded but that personal in- 
formation would be regarded as confidential. During 
the hour interview, each man was encouraged to 


tell as much as he could about how he happened to 
come to this university and try out for crew. When 
information was given concerning the family back- 
ground, interest was shown in order to obtain com- 
ments about relationships to parents and siblings. 
The men were glad to describe their experiences 
on the crew, and many of them gave vivid accounts 
of how it feels to row in a race. 

Individual Thematic Apperception Tests were 
carried out by the psychologist on the same evening. 
3ecause of late changes in the composition of the 
crew, the three new members were interviewed and 
tested at training headquarters one week before the 
race. As with the Rorschach test, the TAT cards 
invite the subject to express feelings and phantasies 
with relative freedom from the personal censorship 
which often guards response to direct questioning. 
The Thematic Apperception Test consists of pic- 
tures representing situations which can be perceived 
as emotionally charged situations or events. Ten 
cards were used, the subject being asked to create 
a dramatic story for each picture. He was given five 
minutes to elaborate each card. The cards included 
pictures designed to bring out information about the 
meaning to each man of racing with the crew. One 
card, for instance, depicted four men lying on the 
grass. Special attention was paid to whether the 
subject perceived this as a unified group or as four 
separate persons, whether the group was perceived 
as quarreling or cooperating, as successful or un- 
successful. Another card represented a half-naked 
man climbing a rope. This card is frequently in- 
terpreted as an escape theme or as an athletic 
exercise. When shown this card, subjects often 
express feelings about athletic participation, com- 
menting on bodily strength or weakness. 

The psychologist and the psychiatrist each re- 
viewed and summarized his data independently. 
Joint meetings were then devoted to combining the 
psychological observations into a series of individual 
portraits, each comprising the responses to the 
Rorschach test and Thematic Apperception Test 
as well as the most illuminating statements the man 
made concerning his family relationships, personal 
drives and ideals, feelings about rowing, and attitude 
about the crew as a group. The psychological inter- 
pretations were completed previous to correlation 
with the metabolic changes. 


METABOLIC OBSERVATIONS 
CHANGES IN EostNopHILe LeveL § 
(Tables 1 and 2) 
A. Initial Control Level—The initial con- 
trol levels of circulating eosinophiles revealed 
no abnormalities except for the slight eosino- 


§ Changes in eosinophile level refer to changes 
in the value of the mean unless otherwise stated. 
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Fig. 1.—Circulating eosinophiles and urinary 17-hydroxycorticoid excretion in the crews of 
1953 and 1954. The first three columns are the crew of 1953, and the last four columns are the 
crew of 1954. The urinary 17-hydroxycorticoid response illustrated represents that amount of 


corticoid material obtained in the 5 to 9 p. 


m. individual specimens. 


philia (200 to 400 cells per cubic centimeter) Days: In 1953 and in 1954 the change in the 
exhibited by two members of the 1954 crew level of eosinophiles between 5 p. m. and 9 


(Nos. 6 and 10) (Table 2). 


p. m. was studied. In 1953 the change dur- 


B. Changes in Eosinophile Level Between ing this period was negligible on the two 
5 P. M. and 9 P. M. (Fig. 1).—1. Control control days which were investigated. In 


TaBLe 3.—Urinary 17-Hydroxycorticoid Excretion in College Oarsmen (1953 Crew) 


Control, No Rowing (6/7/58) 


oA. 1P.M. 5P.M. 9P.M. 


to to 
Subject 1 P. M. 5P.M. 9P.M.9A.M.* Day 
1.2 1.2 <0.1t <0.3 3.4 
1.8 2.8 0.3 0.7 7.0 


0.9 0.7 <0.1 <0.3 2.6 
Gisdscraneesers 1.8 0.5 0.5 <0.1 3.1 
1.5 0.1 <0.3 <0.5 3.4 
2.1 0.9 0.2 <0.3 4.1 
3.3 <0.2 <0.2 
2.0 1.2 <0.1 <04 4.5 
1.8 1.5 0.2 <0.2 4.1 
(Cox) 
Range.......... 0.9- 0.1- <0.1- <0.1- 2.6- 
21 3.3 0.5 0.7 7.0 
nn 16 14 0.2 0.2 4.0 
0.1 0.3 0.04 0.06 0.5 


* All values, except those for total pon represent 
creatinine excretion. 


Time Trial (6:30- Race Day (Race 7:45- 
7P. M., 6/3/58) 8:05 P. M., 6/12/53) 
9:30 
1P.M.5P.M. P.M. 9A.M. 1P.M. 9P. M. 
t 9:30 6:30 to to to Total 


oO 
<0.2 04 1.8 <0.2 1.6 1.1 <0.3 3.8 


14 0.6 0.4 1.3 2.7 14 0.5 6.9 
3.6 1.2 24 <0.1 <0.4 11 1.2 6.2 
04 0.4 1.5 1.8 1.2 2.1 1.8 10.5 
0.7 1.2 <0.2 <0.2 1.1 1.0 1.0 5.3 
14 1.0 0.8 1.2 2.0 1.8 1.6 9.8 
0.6 2.0 1.5 3.0 4.0 1.7 
22 <0.2 <04 1.0 £3 14 10.0 
1.5 23 0.4 2.9 2.6 2.3 2 17.4 
<0.2- <0.2 <0.2- <0.1- 1,0- <0.3- 3.8- 
3.6 2.3 2.4 3.0 4.0 2.3 3.2 17.4 
1.3 1.0 1.0 1.3 2.0 15 14 8.6 
0.4 0.2 0.3 04 0.4 0.02 0.3 1.5 


milligrams of corticoid per four corrected to 


t When specimens contain less than 1 mg. of corticoid per liter, the content is recorded as less than (<<) the amount 


calculated on the basis of 1 mg. per liter. 
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Control, No Rowing Practice Rowing 


6/12/54 


6/6/54 6/13/54 
9A.M. 1P.M. 5P.M. M. 9A.M.1P.M. 5P.M. 9P. M. 9A.M. 1P.M. 5P.M. 9P. M. 9P. M. 
Sub- to to to to Total to to to to Total to to to to Total to 
ject 1P.M.5P.M.9P.M.9A.M.* Dayt 1P.M.5P.M. 9P.M.9A.M.* Day 1P.M. 5P.M. 9P.M. 9A. M.* ay 9A. M.* 
1 0.9 <04$ <04 <04 2.9 0.8 <0.3 <0.3 <0.2 2.0 0.8 0.8 <0.2 <0.3 2.6 nae 
2 ene ose eee Sie oan 1.7 1.8 1.0 0.7 6.7 14 1.2 1.0 11 7.0 1.3 
3 0.5 0.5 0.3 <0.4 2.6 1.2 0.4 0.4 <0.2 2.6 0.8 0.5 0.9 0.7 4.3 0.8 
4 0.8 1.0 <0.2 0.6 4.0 2.1 1.0 0.4 0.4 4.6 0.8 0.5 0.6 0.4 3.0 0.2 
5 1.9 1.3 0.8 14 8.2 1.7 1.3 0.8 1.5 8.4 1.2 1.2 1.0 0.6 5.1 1.4 
6 2.3 1.9 14 1.0 8.6 2.5 2.2 1.7 0.7 8.4 21 2.3 2.0 1.9 12.2 1.5 
7 eee oes oe eee ° 1.6 1.2 0.7 0.8 6.0 1.3 1.2 9.6 1.0 5.9 1.4 
8 1.3 1.3 1.0 1.0 6.5 1.5 0.8 1.0 0.9 6.0 14 0.7 1.2 0.6 5.1 1.7 
9 0.3 <0.2 <0.3 <0.2 1.3 0.6 0.2 <0.2 0.3 1.9 0.8 0.5 0.3 0.3 2.6 0.2 
(Cox) 
Range 0.3- <02- <0.2- 1.- 0.6- 0.2 <0.2- <0.2- 1.9- 0.8- 0.5- <0.2- <0.3- 2.6 0.2- 
: 2.3 1.9 14 14 8.6 2.5 2.2 1.7 1.5 8.4 2.1 2.3 2.0 1.9 12.2 1.7 
ss Mean 111 0.9 0.6 0.7 4.9 1.5 1.0 0.7 06 5.2 1.2 1.0 0.9 0.8 5.3 1.0 
a ‘ . S.E. 0.28 0.23 0.18 0.16 1.1 0.20 0.23 0.16 0.14 0.85 0.15 0.19 0.18 0.17 1.0 0,21 
10 2.6 14 1.1 13 
(Mer.) 


* All values, except those for total day, represent milligrams of 17-hydroxycorticoid per four hours, corrected according to 
: creatinine excretion; the over night values are rounded to the nearest decimal point. 
ee + Total day figures are sums of all actual values. 
t When specimens contain less than 1 mg. of 17-hydroxycortocoid per liter, the content is recorded as less than (<) the amount 
calculated on the basis of 1 mg. per liter. 
§ Calculated by the method of fitting constants. 


a 1954 an increase of 20% was noted during rather than to those of the practice day, on 


this period, five of nine persons (1954) dis- 
playing an appreciable increase (Table 2). 
A slight increase in eosinophiles occurring 
late in the day is consistent with the diurnal 
variation known to occur in man. 

2. Practice Day: The 1953 practice day 
consisted of an unusually severe workout, 
and a decrease of 57% was observed between 
5 p. m. and 9 p. m.; eight of nine subjects 
experienced some fall in eosinophiles. In the 
ninth subject the initial eosinophile level of 
44 per cubic millimeter was unusually low 
and undoubtedly was a major factor in mini- 
mizing further changes in this direction. 
During the 1954 practice day a smaller de- 
crease was observed, i. e., an over-all fall 
of 30%. In this instance seven of nine sub- 
jects exhibited some degree of eosinopenia. 

3. Time Trials: In 1953 a 48% 
35% decrease in eosinophiles were observed 
between 5 p. m. and 9 p. m. on time-trial 
days. These changes were similar in direc- 
tion and magnitude to those observed during 
the practice day, but they were less uniform. 
In contrast, the changes noted during the 
time trial in 1954, a decrease of 69%, corre- 
sponded more closely to the changes observed 
on the varsity-race day (a decrease of 70% ) 


and a 
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which a decrease of only 30% occurred. 

4. Varsity-Race Day: The race day, in 
both 1953 and 1954, was marked by the 
lowest 5 p m. eosinophile count (? anticipa- 
tion) found throughout the study, i. e., 95 
(1953) and 115 (1954), as compared with 
control-day levels of 149 and 133, respec- 
tively. In 1954, on race day there was a 
decrease of 25% in eosinophiles during the 
period 9 a. m. to 5 p. m., in contrast with 
a 15% increase observed during a similar 
period on a control day (Sunday). In 1953 
there was a subsequent fall of 78% during 
the race, with a decrease being noted in all 
oarsmen and the coxswain. In 1954 there 
was a decrease of 70% in which, again, all 
oarsmen and the coxswain participated. The 
response of the 1954 coxswain (No. 9) on 
both the time-trial and the race day was in 
the same direction as that of the eight oars- 
men but was the smallest in magnitude. In 
1954 the manager (No. 10) showed his low- 
est eosinophile level at 5 p. m., which was 
somewhat before the race. However, it is of 
some interest that this time corresponded 
well with the period of his maximum mana- 
gerial responsibilities, which reached a peak 
in the eight-hour period prior to the race. 


Taste 4.—Urinary 17-Hydroxycorticoid 


RESPONSE TO STRESS 


Excretion in College Oarsmen (1954 Crew) 


Time Trial (6/11/54) Race Day (6/19/54) 


9A.M. 1P.M. 65 P. M. 9A.M.1P.M. 5P.M. 9P.M. 9P.M.9A.M.1P.M.5P.M.9P.M. Total Total 

to to to Total to to to to Total to to to to to Day Day 
1P.M.5P.M.9P.M Day .1P.M.5P.M.9P.M.9A.M.* Day 9A.M.*1 P.M. 5P.M. 9P.M. 9A. M.* (6/18-19) (6/19-20) 

0.6 05 <03 os 1.0 1.6 0.8 0.6 5.2 0.5 0.6 1.2 1.1 4.5 

1.0 0.8 0.6 64 1.2 14 1.6 1.7 9.3 1.5 1.6 14 1.4§ cad 8.9 out 

0.8 0.6 0.7 4.5 0.4 0.7 1.2 08 4.7 0.5 11 0.8 1.1 1.8 4.6 8.6 

1.5 0.7 <02 3.1 14 22 0.5 0.6 2.0 11 1.3 6.1 

04 0.7 1.0 6.2 0.6 14 1.0 14 7.3 1.2 1.2 1.5 1.3 2.4 7.5 11.3 

2.0 2.0 1.5 10.1 2.7 2.0 2.5 1.9 13.0 1.8 2.5 2.5 2.1 12.5 

1.6 0.6 0.7 7.0 pe | 1.8 1.6 0.8 7.0 1.2 1.8 1.5 1.8 ae 8.8 aés 

1.9 0.8 0.8 8.4 14 1.6 1.3 1.1 7.6 1.4 1.6 2.9 1.8 2.5 10.6 13.7 

0.6 0.7 <03 2.2 0.6 0.5 0.6 0.6 0.3 0.48 : 

0.4- 0.5- <0.2- 2.2 0.4- 0.5- 0.5- 0.6- iy A 0.5 0.6- 0.3- 0.4- 1.8- 4.5- 8.6- 

2.0 2.0 1.5 10.1 24 2.2 2.5 1.9 13.0 1.8 2.5 2.9 2.1 2.5 12.5 13.7 

1.2 08 0.7 6.0 1.2 1.5 1.2 1.2 74 1.1 14 1.5 1.4 2.2 7.9 11.2 

0.20 0.15 0.13 0.93 0.23 0.19 0.21 0.19 1.1 0.17 0.21 0.27 0.17 1.0 

2.1 1.6 1.2 8.7 1.8 1.6 14 1.9 10.6 0 2.3 4.0 3.1 15.3 


In summary, it was of interest to note that 
the usual diurnal rhythm of eosinophiles (a 
progressive increase in cell count during the 
afternoon and evening) was not observed on 
the control days in the 1953 crew studies; it 
was observed in 1954. The obliteration of 
the diurnal pattern is compatible with in- 
creased adrenal cortical or medullary secre- 
tory activity during this period, as compared 
with the usual finding of decreased activity in 
the afternoon and evening (diurnal rhythm). 
In 1953, the decrease in eosinophile levels 
during time trials closely resembled that seen 
during practice rowing, whereas in 1954 the 
change in eosinophile level on time-trial day 
more closely resembled that noted on race 
day. On race day in 1954 there was a pro- 
gressive decrease in circulating eosinophiles 
from 9 a. m. to 5 p. m. and from 5 p. m. to 
Unfortunately, similar observations 
were not made in 1953. The pre-race eosino- 
phile level (5 p. m.) in both years was note- 
worthy in that it was the lowest level en- 
countered at this time of day and presumably 
reflected an anticipatory response to the race. 
During the race in both years there was a 
profound eosinopenia, in which all crew men 
participated. The response of subject No. 9 
(coxswain) in 1954 was less than that of 
any other subject in the two years under 
study. 


9 p. m. 


CHANGES IN UrtNARY 17-HyproxycorTICoID 
EXCRETION 

Observations on the urinary 17-hydroxy- 
corticoids, expressed as milligrams excreted 
per four hours, are presented in Tables 3 and 
4 and are summarized in Figures 1, 2, 3, 
and 7. 

A, Diurnal Variation in Total 17-Hy- 
droxycorticoid Excretion—1. Control and 
Practice Days: On both 1953 and 1954 con- 
trol days the subjects as a group exhibited 
the expected diurnal pattern of corticoid 
excretion which the authors have observed 
in many subjects, i. e., a higher excretion 
during the morning and early afternoon than 
at night. In 1954 the progressive decrease 
in the day level is quite similar on both the 
control and practice days, there being no 
statistically significant difference between 
them (Fig. 2). 


The control day 9 a. m. to 1 p. m. 17- 
hydroxycorticoid excretion was quantitatively 
similar in 1953 and 1954. The control day 
5 to 9 p. m. and overnight values, contrari- 
wise, were noticeably lower in 1953, i. e., 
0.2 mg. as compared with 0.7 mg. (Fig. 3). 

2. Control Day vs. Race Day: Comparison 
between the 1953 race day and control day 
disclosed no significant difference between 
values obtained in the 9 a. m. to 1 p. m. 
pre-race specimen ; this was likewise true of 
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CONTROL 
PRACTICE @ 
TIME TRIAL ---------- 
RACE ° 
2.5, 
20 
17- HYDROXY- 
CORTICO 
15 
1,8 
10) j : 
5 
1 


9a.m.- Ip.m. - 5p.m. 


collected 9 p. m.-9 

statistic2! analysis. 
the 1 to 5 p. m. period (P>0.5), although 
there was a mean rise of 0.6 mg. on the race 
day, with seven of the nine subjects par- 
ticipating in the increase. During the 5 to 9 
p- m. race period, however, corticoid excre- 


CONTRO 
2.5) 
2.0, 
URINARY 
17-HYDROXY- 
CORTICOIDS 
mg./4hours 
0.5 


5p.m. - 9pm. 9p.m. - 9a.m. 


Fig. 2.—This figure represents the mean and range of the 17-hydroxycorticoid excretion of 


the eight oarsmen of the 1954 crew during the four periods studied. 
a. m. specimens following the race, these values are not considered in the 


Since only three men 


tion uniformly increased over the same 
period on the control day (P<0.001), and 
all subjects participated in this increase. The 
increase persisted in the overnight 9 p. m. to 
9 a. m. post-race period (Fig. 3). 


L 1 | 1 


TIME PERIOD : 9a.m.-Ipm. 


Fig. 3.—-The mean urinary 17-hydroxycorticoid excretion in the crews of 1953 and 1954. 
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RESPONSE TO STRESS 


In 1954 there was again no significant 
difference between the control and race day 
in respect to the 9 a. m. to 1 p. m. and the 
1 p. m. to 5 p. m. pre-race specimens (Fig. 
3). However, two persons, Nos. 8 and 10, 
exhibited a striking increase in 17-hydroxy- 
corticoid excretion in this latter period and, 
indeed, eight of the nine subjects displayed 
some increase, the mean rise for the group 
being 0.4 mg. During the 5 to 9 p. m. race 
period, however, corticoid excretion was, as 
in 1953, uniformly but less significantly 
(P<0.01) increased. Although all nine sub- 
jects participated in this increase, only four 
did so significantly (P<0.05) (Fig. 1). The 
three persons common to both crews (Nos. 
3, 5, and 8) had greater 5 to 9 p. m. race-day 
increases in 1953 than in 1954. It is to be 
noted, however, that the absolute level of 
urinary corticoids exhibited by these three 
persons during the period immediately pre- 
ceding the race was higher in 1954 than in 
1953! It is noteworthy that the coxswain 
(1954), who showed the smallest increment 
of all during the race period, as compared 
with the same period on the control day, 
was also the subject with the lowest 24-hour 
control output of all the subjects, i.e., 1.3 
and 1.9 mg. per 24 hours (mean for the 
group being 4.9 and 5.2 mg.). The 1954 
manager (No. 10) displayed his greatest 
increase in output in the four-hour period 
prior to the race, which corresponded to the 
time at which his managerial duties were 
at their peak. 


B. 24-Hour Excretion of 17-Hydroxy- 
corticoids—1. Control Days: It wes noted 
that on the control day the 24-hour output 
was lower in 1953 (3.3 mg. per 24 hours) 
than in 1954 (4.9 and 5.2 mg. per 24 hours). 
The three persons common to both crews 
(Nos. 3, 5, and 8) all had a lower 24-hour 
control-day output in 1953: 2.0, 2.4, and 
3.8 mg., as compared with 2.6, 8.3, and 6.2 
mg., respectively, in 1954. In 1954 the crew 
members varied significantly in individual 
values for control 24-hour corticoid excre- 
tion. This individual variation was much 
less significant in 1953. 


2. Control Day vs. Time Trials and Var- 
sity Race: In 1953 the changes in urinary 
corticoid excretion on the time-trial days 
were similar in direction to those on race 
day but not as marked, although the ‘dif- 
ference between the two is not statistically 
significant (P>0.05) ; this was also true in 
the 1954 study, in which there was even 
less difference between the time-trial and 
race-day changes. It is of interest to note 
that the mean 24-hour excretion of corticoids 
on the race day was 6.2 mg. for the nine 
crew men in 1953 and 6.8 mg. for the three 
subjects with 24-hour collections in 1954, 
well within the normal range for subjects 
not under stress. The real importance of the 
results lies in the fact that the race, or some 
associated factor, produced a clear-cut altera- 
tion in the usual consistently regular diurnal 
pattern of corticoid excretion. 


In summary, the control-day 17-hydroxy- 
corticoid values in both 1953 and 1954 
displayed a significant decrease from morn- 
ing to evening, conforming to the pattern 
of diurnal variation found in other subjects. 
Individual crew members varied significantly 
(P<0.01) from one another in their urinary 
17-hydroxycorticoid output (four-hour). 
Considerably higher control values were 
noted in 1954 than in 1953. The urinary 
17-hydroxycorticoid excretion was similar 
on the time-trial and race days in both years. 
The excretion on these days was sustained 
and hence masked the diurnal decrease 
characteristically observed on control and 
practice days. There was a significant in- 
crease in the total level of 17-hydroxy- 
corticoids on both time-trial and race days, 
as compared with that of the control days. 
The response was noticeably more uniform 
in 1953 than in 1954. There was no signifi- 
cant difference in over-all 24-hour urinary 
17-hydroxycorticoid output between the con- 
trol and practice days, although a demon- 
strable increase occurred in a majority of 
persons. 


CHANGES IN URINARY 17-KeETOSTEROID EXCRETION 


Observations on the changes in the urinary 
17-ketosteroid excretion were limited to 
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Taste 5.—Urinary 17-Ketosteroid Excretion 
Control, No Rowing Practice Rowing 
6/6/54 6/13/54 6/12/54 
9A.M. 1P.M. 5P.M. 9P. M. 94.M. 1P.M. 5P.M. M. 9A.M.1P.M. 5P.M. 9P. M. 9P. M. 
Sub- to to to to Total to to to to Total to to to to Total to 
ject 1P.M. 5P.M.9P.M.9A.M.* Dayt 1P.M.5P.M.9P.M.9A.M.* Day 1P.M.5P.M.9P.M.9A.M.* Day 9A. M.* 
1 44 3.0 3.4 3.3 20.6 3.2 3.0 2.6 3.0 17.7 3.8 3.3 4.5 3.3 21.5 2.9 
2 mad fae on Ki ae 4.1 3.7 2.8 2.6 18.5 3.5 3.4 3.7 2.9 19.4 3.6 
3 3.1 2.9 2.2 2.7 16.2 3.4 3.4 3.0 3.1 19.2 2.9 4.7 3.3 2.4 18,1 3.0 
4 1.3 4.7 44 44 23.7 5.9 3.4 4.0 4.3 26.3 5.7 3.9 3.8 3.6 24.1 4.1 
5 3.2 3.8 3.5 3.3 20.3 4.0 3.0 3.6 5.9 28.3 3.3 2.3 3.7 2.0 15.3 2.6 
6 3.2 2.7 2.7 27 16.8 3.9 2.6 3.4 2.9 18.7 2.9 Bi 2.6 2.6 16.1 2.9 
7 Bap = ase cae 2.9 1.7 1.9 2.6 14.2 2.7 2.2 1.7 3.0 15.5 2.6 
8 3.0 3.8 1.8 2. 15.9 3.5 2.4 2.8 3.4 18.8 2.5 3.3 2.8 2.3 15.5 2.7 
9 2.6 2.9 2.6 2: 16.2 3.6 2.8 2.0 2.8 16.9 3.3 2.4 2.4 2.6 16.0 2.7 
(Cox) 
Range 1.3-4.4 2.7-4.7 1.84.4 2.4-4.4 15.9-23.7 2.9-5.9 1.7-3.7 1.9-4.0 2.6-5.9 14.2-28.3 2.5-5.7 2.2-4.7  1.7-4.5 2.0-3.6 15.3-24.1 2.6-4.1 
Mean 3.0 3.4 2.9 3.1 18.5 3.8 2.9 2.9 3.4 19.8 3.4 & 3.2 7 17.9 3.0 
8S. E. 0.35 0.27 0.33 0.26 11 0.29 0.20 0.23 0.36 1.5 0.32 0.28 0.29 0.17 1,1 0.3 
10 4.2 2.9 3.2 4.5 
(Megr.) 


excretion; the over night values are rounded to the nearest decimal! point. 


+t Total day figures are sums of all actual values. 


studies on the 1954 crew. The values are 
expressed as milligrams per four-hour period 
and are presented in Table 5 and sum- 
marized in Figures 4 and 7. 

As was seen with the 17-hydroxycorticoid 
excretion, the 17-ketosteroids showed 
significant difference (P>0.05) between the 
control and the practice days and between 
race and time-trial days. However, there is 
a significant difference (P<0.01) between 
the values observed on race day and those 
on control and practice days. Unlike the 17- 
hydroxycorticoid changes, in which the 
principal difference appeared in the 5 to 
9 p. m. period (although there is a 0.4 mg. 
difference in the 1 to 5 p. m. period, which 
is not statistically significant), the significant 
17-ketosteroid difference (P<0.05) is seen 
only in the 1 to 5 p. m. period (the period 
just prior to the race). Again, individual 
subjects varied significantly (P<0.01) from 
one another in their four-hour output. The 
diurnal decrease in 17-hydroxycorticoid ex- 
cretion observed under control conditions did 
not occur in 17-ketosteroid excretion. 


no 


In summary, the urinary 17-ketosteroid 
output was significantly increased, during 
the 1 to 5 p. m. period only, on both the 
time-trial and race days as compared with 
the control and practice days. There was 
no significant difference between the values 
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obtained on the practice and control days nor 
between values obtained on the time-trial 
and race days. 


CHANGES IN UropepSIN EXCRETION 

Observations on urinary uropepsin excre- 
tion, expressed as units excreted in four- 
hour periods, are summarized in Table 6 
and Figures 5 and 7. 

A. Diurnal V ariation.—The level of uro- 
pepsin secretion was higher during the night 
than during the d: ; in five of nine subjects 
during the contrc. period. This is contrary 
to the anticipated findings in normal sub- 
jects. This reversal of the normal diurnal 
pattern was evident during the time-trial 
period in all but one of these subjects. In 
the three subjects in whom it was possible 
to obtain complete 24-hour specimens during 
the period of the varsity race, the night 
values exceeded those of the day in each 
instance. 

During the race (5 to 9 p. m.) there was 
no significant change in the values for uro- 
pepsin excretion as compared with a similar 
period during the practice sessions or time 
trials. Similarly, the mean 12-hour uropepsin 
output was not significantly different be- 
tween the control, practice, time-trial, and 
race days. Of the three subjects from whom 
24-hour collections were obtained on the 
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RESPONSE TO STRESS 


in College Oarsmen (1954 Crew) 


Time Trial (6/11/54) 


Race Day (6/19/54) 


9A.M. 1P.M. 5 P.M. A.M. 1P.M. 5P.M. 9P.M. 
to to to Total to to to to Total to to to to to Day Day 

1P.M.5P.M.9P.M Day 1P.M.5P.M.9P.M.9A.M* Day 9A.M*1P.M. 5P.M. 9P.M. 9A. M.* (6/1819) (6/19-20) 
80 24 10 60 44 88 88 85 33 42 18.3 
32 28 28 72 $2 21 4381 £34 186 34 40 57 21.1 
59 #85 40 %8 658 85 89 45 318 50 62 59 32.9 
29 31 85 382 386 67 195 30.4 
32 21 16 167 382 381 £385 26 17.7 23 86 26 27 15.8 
24 #18 28 45 20 80 29 «21 M3 18.1 
28 26 66 23 26 198 19.3 
26 20 22 #60 39 88 15 28 157 31 36 23 

2.3-5.9 1.7-3.5 1.04.0 14.5-25.8 2.05.3 21-85 1.53.9 214.5 143-813 23-53 2.66.2 2666 21-5.7 2.56.7 15.8329 193-304 
32 24 2% 67 £486 89 82 £81 200 35 389 48 #32 39 228 23.6 
036 0619 028 12 030 O61 02% 02 17 037 034 049 0.37 2.0 
39 42 45 83 23.6 


race day, one (No. 3) displayed a definite 
increase in uropepsin excretion and a second 
(No. 8) showed a slight increase. Neither 
of these increases, however, meets the re- 
quirements of statistical significance. 

B. Twenty-Four-Hour Excretion. — The 
24-hour uropepsin excretion in the control 
period varied markedly from person to 
person, ranging from 1100 to 13,500 units. 


9P.M.9A.M.1P.M.5P.M.9P.M. Total Total 


Elevated uropepsin excretion was ob- 
served in seven of nine subjects throughout 
the observation period. The control mean 
value for the crew was 6800 units. This 
compares with a mean value of 2300 units 
for 120 hospitalized patients without gastric 
disease and with a value of 4700 units for 
a group of 40 normal college students. Sub- 
jects 3 and 4+ demonstrated the highest con- 


g. 
CONTROL ~~ 3 MEN ONLY 
6] TIME TRIAL®------ 
RACE o—— 
7 
17-KETO- 
STEROIDS 
mg./4 4) act * 
1@: 
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9a.m-! pm. - 5pm Spm 9pm 9p.m-9a.m 


Fig. 4.—This figure represents the mean and range of the 17-ketosteroid excretion of the 
eight oarsmen of the 1954 crew during the four periods studied. Since only three men collected 
9 p. m.-9 a. m. specimens following the race, these values are not considered in the statistical 
analysis. 
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trol uropepsin values, i. e., 13,500 and 12,400, 
respectively. These values simulate the 
hypersecretion seen in some persons under 
marked stress or with duodenal ulcer. 

The relatively high uropepsin level ob- 
served in five of nine members of the crew 
during control studies immediately preceding 
the varsity race suggests that the anticipa- 
tory stress of the impending race may have 
been evident even at that time. This thesis 
is further supported by the observed re- 
versal of diurnal variation noted in five of 
the nine crew men during the control period. 

The subsequent lack of uropepsin response 
to the stress of the race itself may be ex- 
plained in part by the initially high control 
levels of uropepsin excretion. The reversal 
of the normal diurnal pattern or uropepsin 
excretion observed in those subjects in 
whom a 24-hour collection was completed 
during the varsity-race day is of considerable 
interest. It is possible that the reversal of 
the day-to-night excretion pattern may be 
a more sensitive indicator of uropepsin re- 
sponse to stress than the absolute increase 
in 24-hour uropepsin excretion. 

In previously reported studies * in which 
corticotropin was administered to subjects 


without adrenal disease, an increase of ap- 
proximately 300% in uropepsin excretion 
was associated with an increase of similar 
magnitude in the urinary ketosteroids. In 
the absence of a striking rise in 17-hydroxy- 
corticoid and 17-ketosteroid excretion, it is 
not surprising that we failed to observe an 
immediate or rapid increase in uropepsin 
excretion. Regarding the initially high level 
of uropepsin encountered prior to the race 
and associated with relatively normal urinary 
adrenal steroid values, it might be postulated 
that in this instance a relatively normal level 
of adrenal cortical secretion exerted a per- 
missive action on the stomach, thus enabling 
other mechanisms (autonomic nervous sys- 
tem stimuli) to facilitate an end-organ uro- 
pepsin response. It is of some interest to 
note that physical exertion itself does not 
impair the stomach’s ability to increase 
pepsin output. Increased uropepsin excretion 
has been demonstrated in a healthy male 
subject following a 20-minute period of se- 
vere exercise. 


CorRELATIONS BETWEEN 17-HyproxyocorTIcors, 
17-KETOSTEROIDS, AND UROPEPSIN VALUES 


It appears that certain persons (No. 4) 
who exhibit a relatively high control 24-hour 


CONTROL a 3 MEN ONLY 
PRACTICE @------- 
5000] TIME TRIAL M@----------- 
RACE 
4000, 
3000, 
ere T 
1000, 
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Fig. 5.—This figure represents the mean and range of the uropepsin excretion of the eight 
oarsmen of the 1954 crew during the four periods studied. Since only three men collected 9 p. m.- 
9 a. m. specimens following the race, these values are not considered in the statistical analysis. 
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urinary 17-ketosteroid excretion (26.3 mg. 
per 24 hours) also have relatively high con- 
trol uropepsin values (13,500 units) and 
that others (e. g., No. 6) with relatively high 
control urinary 17-hydroxycorticoids (8.5 
mg. per 24 hours) have relatively low 17- 
ketosteroids (18 mg. per 24 hours). Conse- 
quently, a multiple correlation analysis was 
done on both the total and the individual 
data. This analysis disclosed a highly sig- 
nificant (P<0.01) correlation between the 
levels of 17-ketosteroids and uropepsin for 
the total data but considerable variation in 
individual analysis, with only two subjects 
showing a significant (P<0.01 and 0.05) 
correlation. There is also a_ significant 
(P<0.05) correlation on the total data be- 
tween the 17-hydroxycorticoids and 17- 
ketosteroids, but, again, by individual anal- 
ysis only four of the subjects show a signifi- 
cant (P<0.01, 0.01, 0.01, and 0.05) cor- 
relation. Surprisingly, there is no significant 
correlation (P>0.05) between the mean 
values for total 17-hydroxycorticoid and 
uropepsin values. 


Because in certain persons the correlation 
with the group showed such marked devia- 
tion, an analysis of deviance from the group 
as a whole bears comment in relation to cer- 
tain subjects. When compared with the total 
data, two subjects (Nos. 4 and 2) had 
strikingly high correlations between 17- 
ketosteroid and uropepsin values, while two 
others (Nos. 8 and 6) had strikingly low 
correlations and one (No. 3) had a strik- 
ingly high correlation between 17-hydroxy- 
corticoids and uropepsin. Two other subjects 
(Nos. 6 and 3) had correlations between 
17-hydroxycorticoids and 17-ketosteroids no- 
ticeably below those of the group. A lack 
of correlation between urinary 17-keto- 
steroids and corticoids has been repeatedly 
observed in the past.|| 


Although these findings are of great in- 
terest, they cannot be definitively interpreted 
because the correlation coefficients varied 
significantly (P<0.001) from person to per- 


|| References 19 and 20. 
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son; thus interpretive correlations based on 
individual and total data comparisons would 


have questionable statistical significance. 


COMPLEMENTARY STUDIES 


To facilitate interpretation of the data 
obtained in the crew study, additional ex- 
periments were carried out. These may be 
grouped as follows: (1) observations which 
would permit comparison of the crew race 
with other forms of exercise and (2) studies 
designed to explore the possibility of altered 
metabolism (? increased “utilization” {) of 
adrenal steroids as part of the response to 
exercise. 

Long-Distance Running.—The changes in 
circulating eosinophiles and 17-hydroxy- 
corticoid excretion were studied in one 28- 
year-old normal untrained man who partici- 
pated in a three-hour, 17-mile run in which 
no competitive stimulation was present. 
Whereas the eosinophiles did decrease ap- 
preciably (74%), there was no significant 
increase in urinary 17-hydroxycorticoid level. 
However, the normal anticipated diurnal de- 
crease in hormone excretion did not occur 
during this period, thus suggesting some 
degree of adrenal activation over the base- 
line control value. 

The 17-hydroxycorticoid response was 
also measured on a normal trained male 
subject during the running of the highly 
competitive 26-mile Boston Marathon race 
in 1954. Again, although no increase in 17- 
hydroxycorticoid excretion 
the anticipated diurnal decrease was ob- 
literated. 


was observed, 


Studies on 17-Hydroxycorticoid E.xcre- 
tion in Sweat.— Because of the marked 
weight loss observed in these subjects in 
association with prolonged, severe exercise, 
it was felt advisable to ascertain whether 
or not sweat contains measurable quantities 
of corticoid material. A study carried out 
on a 25-year-old healthy man indicated that 


{ The term “utilization” as we employ it in this 
paper is a generic one indicating possible altered 
metabolism of adrenal steroids in such a way as 
to render the excretory product nonmeasurable by 
the methods employed. 
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no 17-hydroxycorticoid material could be 
detected (by the method employed for assay- 
ing urinary steroids) in his sweat collected 
during severe exercise. It appeared from 
this study that loss of 17-hydroxycorticoid 
in sweat probably did not account for the 
failure to observe a greater increase in 
urinary steroid excretion. 

“Utilization” Studies—In an attempt to 
clarify the effect of exercise per se on the 
urinary excretion of 17-hydroxycorticoids, 
the 17-hydroxycorticoid excretion of a 64- 
year-old female patient with proved Addi- 
son’s disease, receiving 25 mg. of hydro- 
cortisone intravenously over an eight-hour 
period, was compared at rest and during 
bicycle-pumping exercise (Fig. 6); a small 
decrease in the quantity of 17-hydroxy- 
corticoid excreted during exercise was ob- 
served. This was further suggested in three 
other patients with Addison’s disease who 
received 50 mg. of hydrocortisone intra- 
venously over a period of eight hours, with 
and without exercise; in each instance a 
small (1.5-2 mg.) decrease in 17-hydroxy- 
corticoid excretion was noted during the 
period of exercise (Fig. 6). 


Fig. 6.—The recovery of 17-hydroxycorticoids in the urine of patients with Addison’s disease 
during hydrocortisone infusion at rest and with exercise. 


The 17-hydroxycorticoid excretion was 
studied in another patient with Addison’s 
disease, a 51-year-old man who received 50 
mg. of hydrocortisone intravenously over a 
six-hour period, both during a control period 
and during the stress of twelve dental ex- 
tractions under general anesthesia; similar 
excretory patterns were noted under both 
circumstances, suggesting that the stress of 
this particular procedure did not alter the 
steroid excretory pattern. 

The 17-hydroxycorticoid excretion of an 
18-year-old female patient with unilateral 
adrenal hyperplasia proved at operation was 
measured both before and after exercise 
consisting of climbing and descending stairs 
and during “psychological frustration” of 
attempting to master a 10 key-10 letter as- 
sociation problem. In the half hour of trials 
she was given incorrect hints on learning the 
task, continually interrupted (through ear- 
phones and audograph record) to hear how 
many keys were usually mastered by this 
time, and generally distracted. She was ob- 
viously distressed, perspired a great deal, 
failed to master a single key-letter associa- 
tion, made 383 errors in 20 minutes, and 
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Fig. 7—The mean metabolic response of the 


was depressed for a full day following the 
frustration and insult to her ability to learn. 
No change could be detected in diurnal pat- 
tern of 17-hydroxycorticoid excretion. 


In order to study the “utilization” of 
steroids further, exposure to cold was em- 
ployed as a stress mechanism. The eosino- 
phile and 17-hydroxycorticoid response were 
measured on one subject exposed to 4C 
without added clothing for a four-hour 
period; these results were compared with 
those obtained upon testing the same subject 
with corticotropin prior to and during simi- 
lar exposure to cold. There was no increase 
in urinary 17-hydroxycorticoid excretion as 
a result of exposure to cold, and the urinary 
17-hydroxycorticoid response to corticotropin 
stimulation was quite similar before and 
during the same cold exposure. 
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eight oarsmen and cox of the crew of 1954. 


METABOLIC INTERPRETATIONS 
EVIDENCE OF AN ADRENOCORTICAL SECRETORY 
RESPONSE TO THE RACE OR TO SOME FACTOR 
ASSOCIATED WITH IT 

Prima facie evidence of increased adreno- 
cortical secretory activity in response to the 
varsity race consists of the increase in total 
17-hydroxycorticoid excretion in the urine 
during the race period as compared with 
the values obtained during a similar period 
under control circumstances. Of added in- 
terest is the fact that the increased excretion 
of 17-hydroxycorticoids observed during the 
late afternoon and early evening on the day 
of the race completely masked the diurnal 
decrease characteristically observed in these 
persons and in other normal subjects at this 
time (Fig. 7). The inability to follow blood 
steroid levels in these athletes during their 
period of exercise and the unknown factors 
concerned with intermediary metabolism of 
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adrenal cortical hormones under conditions 
of stress necessitate some degree of con- 
servatism in this interpretation. Supple- 
mentary experiments carried out in other 
forms of exercise by the authors, as well as 
the studies of others,# support the proba- 
bility, however, that the urinary changes 
under these circumstances do reflect in- 
creased adrenal cortical activation. Addi- 
tional indirect evidence consists of a rise 
in 17-ketosteroids observed in the period 
immediately preceding the race and the con- 
sistent and remarkable fall in the level of 
circulating eosinophiles. Of particular in- 
terest is the fact that on race day, with only 
anticipation of the race as a stimulus, there 
was a decrease in the eosinophile count be- 
tween 9 a. m. and 5 p. m. (Table 2) along 
with an increase in the excretion of total 
17-hydroxycorticoid and 17-ketosteroid ma- 
terial in the urine (Fig. 7). 


Stratus oF “INCREASED UTILIZATION” DURING 
Stress AS A Factor Mopiry1nGc STERom 
EXCRETION 

Studies on patients with Addison’s dis- 
ease undergoing major operative procedures 
have failed to reveal a significant alteration 
in the excretion of total 17-hydroxycorti- 
coids. In these studies the patients were 
maintained on a constant level of cortisone, 
which was kept up during a control period 
and throughout the operative procedure. 
There appeared to be no significant dif- 
ference in the quantity of 17-hydroxycorti- 
coid material excreted by a normal subject 
given corticotropin under control conditions 
and at a later date while being exposed to 
cold (4C for four hours). Recent experi- 
ments 2° with isotopically labeled steroid 
appear to indicate that the renal handling 
of steroid material under stress is not ap- 
preciably altered by the forms of stress 
investigated. Studies carried out on a normal 
subject indicate that no appreciable amount 
of hormone is lost in sweat. On the other 


# Reference 21 and Elmadjian, F.: Adrenocorti- 
cal Function of Combat Infantrymen in Korea, in 
Reference 22, p. 627. 


hand, in experiments in which we studied 
excreted products from a relatively small 
dose of hydrocortisone infused in patients 
with Addison’s disease over a prolonged 
period with and without exercise, somewhat 
lower values for urinary total 17-hydroxy- 
corticoid during the period of exercise were 
revealed. In these experiments very small 
quantities of hormone were used in an 
attempt to enhance this difference. It would 
appear that an actual increase in urinary 
17-hydroxycorticoid in all probability reflects 
increased adrenal cortical secretory activity, 
whereas no change in the urinary values 
might also be consistent with some degree 
of increased adrenal secretory activity to- 
gether with altered metabolic degradation or 
excretion. 


QUANTITATIVE RELATIONSHIP BETWEEN THE DeE- 
CREASE IN THE LEVEL OF CIRCULATING 
EOSINOPHILES AND THE INCREASE 
17-HyproxycortIcoip 
EXCRETION 

Earlier studies in normal subjects given 
corticotropin indicated that with a 40% to 
50% fall in eosinophiles one might antici- 
pate an increment of 0.5 to 1 mg. of urinary 
17-hydroxycorticoid material. In studies car- 
ried out on the day of the varsity race, the 
rise in 17-hydroxycorticoids amounted to 
0.73 mg. per four hours, whereas the eosino- 
phile fall amounted to 70%. It would appear 
from this that factors other than the adrenal 
cortex in all probability contribute to the 
eosinopenia, the most likely being epineph- 
rine. When reliable methods are available 
for quantitative adrenal medullary hormone 
measurement, it will be of great interest to 
ascertain what proportion of a given eosino- 
penia is mediated by adrenal cortical steroids 
and what proportion is mediated by factors 
other than corticoids, i. e., epinephrine, etc. It 
is likely that individual subjects will respond 
differently to an intense stress such as a 
varsity crew race with respect to the degree 
to which the adrenal cortex and medulla 
are activated. 
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ARE THE ADRENAL CorTICAL ACTIVATION AND THE 
EOsSINOPENTA STIMULATED PRIMARILY BY 
PuysicAL EXERCISE OR BY THE Psy- 
CHOLOGICAL STRESS ASSOCIATED 
WITH THE RACE? 

That physical activity alone is not the 
major factor responsible for adrenal activa- 
tion and the marked fall in circulating 
eosinophiles is suggested by the minimal 
response observed on several occasions when 
the race course was covered in a practice 
session. During these exercise periods, the 
time and the muscular effort expended 
closely approximated that which was ex- 
hibited during the varsity race. Favoring 
the importance of psychological factors is the 
observation that the coxswain and the man- 
ager displayed an eosinopenia as marked as 
that of the crew members. 


PSYCHOLOGICAL OBSERVATIONS 
Group RorscHACH 

Extensive use of the Rorschach test for 
many years has demonstrated that the way 
a person perceives the color and form on 
the test cards reflects his emotional response 
to life situations. The number of answers 
and the percentage relationship in the vari- 
ous categories establish a profile for each 
person. This profile provides important in- 
formation concerning the balance of emo- 
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tional repression versus expression and of 
emotional control versus emotional dis- 
charge. In general, the perception of form 
is related to control, color is linked with 
the discharge of emotion, and the perception 
of moving forms connotes the ability to use 
ideas constructively. 

The composite (or averaged) personality 
profile for the 1954 crew (Fig. 8) compares 
closely to the statistical profile obtained by 
administering the Rorschach test to thou- 
sands of “normal” persons and averaging 
the results. In spite of this congruence of 
averages, however, the ranges from member 
to member of the crew varied greatly and 
included patterns outside of what is usually 
considered to be the normal range. For 
example, the total number of responses 
ranged from 8 to 54, with a mean of 29. 
These two extremes represent a great dif- 
ference in capacity for psychological re- 
sponse: from that of a blocked very anxious 
person to that of a highly responsive, active 
person. 

In much the same way, the capacity for 
emotional expression, as indicated by the 
number of “color” responses, varied widely, 
even though the composite average of the 
crew approximated the “normal” personality. 


RESPONSE TOTAL 29 
| FORM RESPONSES + 50% 
| WHOLE RESPONSES = 30% 
| DETAIL RESPONSES = 70% 
19. 
NUMBER ; 
RESPONSES 
J 211 2.67 
fe} Lit} 1.22 1.33 
HUMAN | ANIMAL |INANIMATE | | | BLACK |FORM-|COLOR-| PURE 
MOVE -| MOVE-| MOVE-| SHADING FORM] TEXTURE |WHITE FORM |COLOR 
MENT | MENT | MENT l | | As COLOR 


Fig. 8—The mean Rorschach response of the crew of 1954. 
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Here again the range extended from no 
color responses to eight ; in terms of capacity 
for emotional response, these differences are 
significant. 

Thus, while presenting a composite group 
that perfectly fits the “expected” pattern, 
the Rorschach findings indicate that this 
group embraces persons with widely diver- 
gent personality characteristics and manner 
of response to life situations. These findings 
in 1954 are similar to the results obtained 
in the study of the 1953 crew, and, averaging 
the results, the 1953 composite Rorschach 
profile is comparable to the 1954 composite ; 
the only difference is a narrower range of 
variation in 1953. 


A comparison of the two Rorschach tests, 
before and during the intensive training for 
the final race in 1954, revealed several sig- 
nificant shifts. Seven members of the crew 
were included in the group Rorschach test 
given six weeks before the race and again 
one week before the race. Of the seven, 
five showed an increase in percentage of 
responses determined by form alone in the 
second test. A decrease in the color-form 
ratio indicated that five (not the same as 
above) had become less spontaneous and 
less able to express themselves freely. Six 
of the seven showed an increase in “detail” 
responses at the sacrifice of integrated 
“whole” responses. Thus the training regi- 
men appeared to have intensified the utiliza- 
tion of repressive mechanisms, as indicated 
by an increase in the number of form re- 
sponses, and to have resulted in an inhibition 
of emotional expression, as shown by a 
decrease in the color-form ratio. The in- 
creased perception of details further suggests 
that anxiety was increased and that the men 
were responding to a more strictly defined 
and narrowed field. These changes are com- 
patible with the experience of crew members 
during the period of intensive rigid training 
which included strict limitation of behavior. 

Three of the above subjects had been 
members of both crews. The Rorschach 
tests just before the race in 1953 and in 
1954 in one of these men showed a tendency 


toward greater control and use of repression 
in contrast to the Rorschach test six weeks 
before the race (in 1954). In the other two 
crew members, this could not be demon- 
strated with as much certainty. The general 
trend could be defined more accurately in 
comparing the whole group six weeks prior 
to the race and just before it. 


THEMATIC APPERCEPTION TESTS 

The TAT findings do not lend themselves 
to numerical comparison of individual dif- 
ferences. It can be said, however, that capac- 
ity for imaginative response varied widely 
among the members of the crew. Some were 
able to elaborate dramatic stories with ease, 
while others found this much more difficult. 
The stories suggested quite differing indi- 
vidual motivations for choosing a group sport 
like crew. 

The picture of a rope climber, for instance, 
elicited a variety of motivations for athletic 
activity. One man perceived sports as a 
test of general success in life, a method of 
determining one’s fitness and capabilities. 
Another indicated that athletics was a neces- 
sary preparation for competition in a hostile 
world. A third man expressed the feeling 
that the world was an arena where only the 
fit survive. Preparation consisted of toughen- 
ing and proving one’s invulnerability through 
athletics. Not all the suggested motivations, 
however, were of this type. Exhibitionism 
and the plaudits of others were also indicated 
as drives for athletic participation. Two men, 
on the other hand, gave stories ridiculing 
and devaluating participation in athletics. 

The picture with possibilities for group 
action failed to elicit expressions of enthusi- 
asm. A somewhat more positive or construc- 
tive response to this stimulus for thoughts 
about a group of men had been expected. 
Only one member expressed a positive group 
attitude, while three others were lukewarm 
in their expressions. It may have been signifi- 
cant that this corresponded to doubt men- 
tioned by several of the men during their 
personal interviews with the psychiatrist 
about the ability of this particular crew to 
“row together.” 
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PERSONAL INTERVIEWS 

During the personal interview with the 
psychiatrist, all of the men were friendly 
and each of them seemed to be doing his 
best to cooperate. The majority of the men 
appeared at ease, although two found it 
difficult to talk spontaneously unless they 
were asked occasional questions. One of the 
men responded to the interview as though 
it were a challenge to demonstrate his capac- 
ity for psychological insight. This was ap- 
parently characteristic of his performance 
in other situations. Another man seemed 
uneasy until he had decided to mention 
certain aspects of his personal background 
which had been particularly disturbing to 
him. 

Background.—Each man was asked about 
his school preparation before coming to this 
university. All of the men had graduated 
from well-known eastern private schools. 
Five of the men were sons of alumni of this 
university, and the fathers of four crew 
members had themselves rowed on crews 
when they were at college. This information 
was usually given when each man was asked 
how he had happened to come to this par- 
ticular university and go out for crew. 

Personal Implications of Becoming an 
Oarsman.—Each man in the group expressed 
some feeling about having to give up other 
interests and activities in order to row on 
the crew. One man explained, “It’s a ter- 
rific strain mentally and physically. You’ve 
got to be willing to give everything up for 
it. Rowing has to come first and your studies 
second.” Another man remarked, “In terms 
of grades, there’s a decided price you pay. 
You have to decide eventually which one 
of the various commitments of your time is 
the most personally relevant to you, and in 
térms of rowing I think the decision gen- 
erally has to be made in terms of—in favor 
of rowing. You don’t go out for it to improve 
your physique, you don’t go out for it for 
any sense of glory, you just do it from a 
compulsive drive.” A third man_ stated, 
“When I first came to college, I was going 
to be a doctor. If I really wanted to be a 
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doctor, I’d have to give up crew. Practically 
speaking, the only way I could get out of 
rowing was by leaving college, the obligation 
is so great. Generally the boys who've been 
taking chemistry 20 [premedical course] 
have done rather badly in crew that year. 
They’ve had to sacrifice something.” A 
fourth man commented, “I went out for 
honors and tried to write a good thesis. I 
found that it was impossible to do this and 
row too.” A fifth man said, “It really hurts 
sometimes when you have to spend so much 
time in the afternoon, three hours every day. 
Sometimes I really feel that I’d give any- 
thing to be able to spend that time reading.” 
At least two of the men were very much 
aware of the deprivation imposed by having 
to diet in order to keep their weight down. 

A number of the men gave vivid descrip- 
tions of the demands on an oarsman during 
a race. One man remarked, “The endurance, 
I think, comes from the amount of sleep 
that you backlog. I think it’s the most 
grueling sport in the world.” Another man 
said, “I’d like to think that I’ve gotten a 
letter in the toughest sport that there is. 
I think it’s the most grueling of any sport.” 
According to a third man, “It’s a very tough 
sport and occasionally very painful—the skin 
gets off your hands. You have to row for 
a couple of miles on raw skin. If the boat’s 
off balance, your fingernails catch in the 
upper part of your leg and sometimes you 
go deep enough to get blood running down 
your leg when you’re rowing.” 

The comments of one of the men illustrate 
the tendency for individual thoughts and 
feelings to disappear during the race. “You’ve 
got to get out of your mind the fact that 
you might fold. The only way to row is 
just to forget, first of all, how you feel be- 
cause that’s terrible and you immediately 
come to the conclusion you feel awful. You 
also have to forget what you’re doing. All 
you can do is look at the fellow in front 
of you.” 

A number of men described strong feeling 
of guilt at times when they felt that they had 
not done their best. “It’s a bit of a tension 
whether you can really produce your best 
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all the time—that’s the major tension.” An- 
other man remarked, “Individuals usually 
take it to heart when something goes wrong. 
They usually take it quite personally and 
your major mental fight is to try and realize 
that it usually is not necessarily any one 
person’s fault unless they fell out of the 
boat or caught a very bad ‘crab’ which was 
completely unavoidable.” 

Psychological Aspects of Rowing To- 
gether—Robert F. Herrick,?* famous for- 
mer coach of the Harvard crew, makes a 
note on rowing in the dark which vividly 
conveys the basic rhythmic unity achieved 
by a well-trained crew. He reports, “From 
time to time I have known crews to test 
this out by rowing with their eyes shut. 
When a crew that has practiced a long time 
together does this, they seem to find no 
difficulty in keeping perfect time with the 
stroke for several strokes without watching 
the motion of any other man.” 


Many of the men who were interviewed 
in 1954 commented on the importance of 
the integrated performance of the crew as 
a group. They contrasted their own crew 
unfavorably in this regard to the crew of 
the previous year. “Last year we had a boat 
that was ‘swinging’ very well and it was so 
efficient that the last two miles you didn’t 
have to pull quite so hard and yet the swing 
would carry the boat, which is the whole 
secret. This year we have a boat which 
does not swing. We have a lot of power but 
everybody . . . I mean, it’s a lot of apes. 
If you can get an ape to swing, why it’s 
wonderful, but if he doesn’t you’re lost and 
at the moment we’re lost.” Another man ex- 
plained, “It doesn’t necessarily follow if you 
take your best eight oarsmen and put them 
in a boat that it will be the fastest boat. It 
depends to a certain extent on what those 
eight oars are like mentally.” A third man 
commented, “This isn’t really a contest of 
strength because you start with the sup- 
position that these guys are all strong. The 
question is how they apply their strength in 
a coordinated effort.” The effect of this 
integration on the individual was described 


by another man, “When things start to go 
wrong, you tend to retreat into yourself, 
sort of like a turtlke—you put your head 
between your shoulders and you row like 
mad and you revert to pure physical violence. 
You revert to pressure on the oar, which 
may not be what’s needed at all.” 


PSYCHOLOGICAL INTERPRETATION 


Psychological stress results from any ex- 
ternal threat, from any intensification of 
instinctual drives, or from any heightening 
of the demands of conscience which chal- 
lenges the capacity of the person to maintain 
a balance between his needs and his satis- 
factions. Thus a situation like the race be- 
comes stressful for a person in terms of what 
it means to him. This, of course, depends 
upon his personality and the way he has 
been trained. 


In contrast to combat conditions, the 
members of the crew were not, of course, 
subjected to any threat of mutilation or loss 
of life. Psychological stress could only result 
from the intense focusing of energies in 
accordance with what each person demanded 
of himself in order to meet the requirements 
of the group effort. 


The varsity crew constitutes a highly 
organized group with a long and famous 
tradition. Each member of this group is 
expected to channel his activities according 
to a clearly defined pattern. As one of the 
men put it, “You go through the same stand- 
ard motion which is set the first time you 
ever row in a boat. You're rowing and 
you're rowing backwards all the time and 
never see where you're going.” The function 
of leadership is divided among the coach, 
the cox, the stroke, and the captain. During 
the final weeks of training, the coach and 
the members of the crew eat all of their 
meals together at a special table in a private 
dining room. This helps reenforce the group 
ties. All the members of the crew, except 
the cox, row and keep silent during the 
race. That the cox does neither may help 
to explain why he is traditionally tossed 
into the river by the winning crew—appar- 
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a scapegoat. 


It is well known that oarsmen maintain 
their identification with the crew to a re- 
markable extent for the rest of their lives. 
This was well exemplified recently when 
a varsity crew returned to row at Harvard 
40 years after graduation. As one of the 
1954 crewmen explained, “I think the reason 
that crew attracts the more mentally sensi- 
tive, intellectual people is partially the friend- 
ships.” Another man spoke of the “bond 
you get—you get a terrific kick out of it. 
It just sort of fascinates me, everybody 
moving together and working as one. It’s 
almost like another club or something, row- 
ing. You build up terrific friendships be- 
tween everybody. If the boat goes well, it 
happens almost immediately.” The potential 
ambivalence of this relationship was ex- 
pressed by one man, “You sort of have to 
get along with your crewmen, you're closer 
to them. In football or in baseball or in 
hockey—regular contact sports—you have 
a whole hundred yards to bustle about in, 
and in crew you don’t have very far to go. 
Personalities become very exaggerated as 
the sport wears on—as the season wears on. 
It can be quite fortunate and can be difficult. 
It has its attractive aspects and it has its 
unattractive aspects, too, with personality 
clashes.” 


Several of the men gave enough informa- 
tion about their backgrounds to indicate that 
they had been motivated to go out for rowing 
by an urge to resolve certain personal prob- 
lems. A wish to resolve feelings of personal 
rivalry seemed to explain at least one of 
the men’s enthusiasm for crew because, as 
he remarked, it requires “such terrific sub- 
ordination of your selfishness.” As another 
man expressed it, “You’re only a good oars- 
man in your ability to lose your own personal 
motives and ideas in the world of the boat 
as a whole. In football you can be a good 
football player on a bad team—you can sort 
of stand out. If you stand out in a crew, 
you're generally doing something wrong.” 
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SUMMARY OF PSYCHOLOGICAL FINDINGS ON 
THE CREW 

The members of the crew included a wide 
variety of personality patterns. 

Varsity rowing represented a major emo- 
tional investment for each man. 

Training intensified the involvement of 
each man in the efforts of the group and, 
especially during a race, individual thoughts, 
feelings, and differences receded and tended 
to disappear. 

The amount of stress for each person 
seemed to be influenced by the integrated 
performance of the crew as a group. 

Prior to the race in 1954 some members of 
the crew felt that they were not “rowing 
together” and the group had evidently failed 
to achieve effective integration of individual 
differences. 


SUPPLEMENTARY STUDIES ON THE EFFECT OF 
PsycHoLocic STRESS ON ADRENAL 
CortTIcAL ACTIVATION 

In an attempt to measure the adrenal re- 
sponse to psychological stimulation, without 
an appreciable increase in physical exercise, 
the urinary 17-hydroxycorticoid and circu- 
lating eosinophile responses were measured 
in 23 normal medical students during the 
second-year final examination in pathology 
and in four other medical students presenting 
a case for the first time before the assembled 
senior staff. No consistent change in circu- 
lating eosinophiles nor in 17-hydroxycorti- 
coid excretion could be detected in these 
subjects. One of the twenty-three students 
exhibited a near “panic” reaction to the 
examination and demonstrated a fall in cir- 
culating eosinophiles of 79% and an increase 
of 1.6 mg. per four hours in 17-hydroxycor- 
ticoid excretion. Five Ph.D. candidates were 
similarly studied during their general exam- 
inations. Four responded with a decrease in 
circulating eosinophiles ranging from 50% 
to 85%. The fifth exhibited a low level 
(77/cu. mm.) initially. None of these persons 
exhibited an increase in urinary 17-hydroxy- 
corticoid excretion over the values obtained 
on specimens collected at a similar time on a 
control day. 
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The eosinophile and 17-hydroxycorticoid 
response was also measured on a group of 
19 physicians, social workers, and secretaries 
during a control period and during exposure 
to a 15-minute movie vividly depicting 
primitive tribal rites. No uniform change in 
circulating esinophile levels, in 17-hydroxy- 
corticoid excretion, nor in any correlation 
between these two could be clearly demon- 
strated. 


Concurrent observations of behavior 
changes and of adrenocortical variations in a 
cyclothymic patient during a period of two 
years,*® as well as other studies to be pub- 
lished, have, on the other hand, demonstrated 
a correlation between sustained emotional 
changes and variations in the pattern of the 
17-hydroxycorticoid excretion.* 

The failure to demonstrate evidence of 
marked adrenocortical activation among the 
persons subjected to apparently moderate 
stress and the successful demonstration of 
such activation in patients undergoing sus- 
tained emotional upheaval or in persons 
under the stress of unusually severe group 
pressure (e. g., the crew) suggests a tenta- 
tive hypothesis. Perhaps the psychological 
mobilization for an immediate emergency 
(“fight or flight’) is physiologically repre- 
sented by activity of the adrenal medulla. 
A psychological response involving a shift in 
the balance of relatively primitive biological 
energies and their psychological control, on 
the other hand, may be reflected by adreno- 
cortical activation. There would be every 
reason, of course, to expect both medullary 
and cortical influences to be present in vary- 
ing degrees. From a psychological point of 
view, this would correspond to the combined 
influence of individual character and of the 
relatively less differentiated biological ener- 
gies present in everyone. This interpretation 
of the data and the suggested hypothesis are 
offered within the limitations of the available 
biochemical methods. 


* Fox, H. M.: Physiological Response of the 
Adrenal to Psychological Influences as Indicated 
by Changes in the 17-Hydroxycorticosteroid Ex- 
cretion Pattern, in Reference 22, p. 612. 


METABOLIC AND PSYCHOLOGICAL 
CORRELATION 

In their study of the 1950 varsity crew, 
Renold and co-workers * concluded that in 
well-trained persons emotional stress, either 
alone or in combination with muscular activ- 
ity, may induce pronounced adrenal stimula- 
tion. This previous study was based on the 
measurement of changes in the circulating 
eosinophiles. Observations of the urinary 
excretion of 17-hydroxycorticoids of the 
members of the varsity crew in 1953 and 
again in 1954 indicated more directly that an 
activation of the adrenal cortex had very 
probably taken place. In the earlier study 
(1950), it was noted that the eosinophile 
levels of the coxswain and the coach fell as 
much during the period of the race as did 
those of the eight members of the crew. The 
responses observed in the coach and the cox- 
swain suggest that the physical exertion of 
rowing was not the major stress involved in 
evoking the striking eosinopenia observed in 
all members of the crew. 

There were a number of findings in the 
1954 crew study which emphasized the im- 
portance of psychological factors as a cause 
of adrenal activation. The metabolic response 
of the crew on practice rowing days did not 
differ appreciably from that noted on control 
days on which there was no rowing. In con- 
trast to this, there was evidence of a signifi- 
cant increase in urinary 17-hydroxycorticoid 
excretion during the time trial as well as the 
varsity race. As indicated previously, the 
physical exertion in these two types of com- 
petition was quite comparable to that experi- 
enced on the “practice days,” although the 
psychological setting was, of course, entirely 
different. 

On the afternoon of race day, prior to the 
actual race, convincing evidence of adrenal 
stimulation was observed, i. e., a decrease in 
eosinophile count in conjunction with an 
increase in corticoid excretion. The latter 
was of sufficient magnitude to obliterate 
the diurnal decrease so characteristically 
observed during the latter part of the day 
(Fig. 7). Two subjects had a striking 
increase in corticoid excretion during the 
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four-hour period preceding the race. The 
increase in one of these persons (the crew 
manager) corresponded to the peak of his 
managerial duties and did not involve any 
unusual physical exercise. The increase in 
the other person (a member of the crew) 
undoubtedly reflected the anticipation of the 
race itself. In these two instances, eosino- 
penia accompanied by increased urinary 
17-hydroxycorticoid excretion occurred in 
the absence of extreme physical stress. For 
comparative purposes, studies were carried 
out on normal persons subjected to situations 
involving primarily psychological stress, 
e. g., Ph.D. candidates during their general 
examination and hospital personnel exposed 
to movies illustrating primitive tribal rites. 
Under these circumstances, a fall in eosino- 
phile count without significant rise in urinary 
adrenal corticoids was observed. These 
changes suggest increased adrenal medullary, 
rather than adrenal cortical, activity. 

One of the most striking metabolic find- 
ings was the individual variation in the 1954 
crew members on both their pre-race and 
their race responses. Although the pre-race 
response of individual members varied in 
1953, the metabolic response to the race was 
surprisingly uniform (Fig. 1). Psychologi- 
cal studies in 1953 had demonstrated a wide 
variation in personal make-up. In 1954, indi- 
vidual variation was apparently just as great. 
A number of the men, including two of the 
members who rowed both in 1953 and in 
1954, observed a marked difficulty in “row- 
ing together” in 1954, as contrasted to the 
previous year. These comments were made 
during personal interviews prior to the race. 
The fact that it was necessary to make three 
substitutions within 10 days of the race in 
1954 clearly indicated difficulties which had 
not been present in 1953, when the member- 
ship of the crew had remained the same for 
many months. It is possible that this uncer- 
tainty may have contributed to the strikingly 
higher control steroid output in 1954 as 
compared with 1953. This was true for the 
group as a whole and for the three persons 
who rowed in both years. During the 1954 
race, the group had evidently failed to 
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achieve effective integration of individual 
differences, in contrast to 1953 when the men 
felt they were “rowing together,” the meta- 
bolic response was more noticeably uniform, 
and the race was won. 

Crowds as well as organized groups have 
been studied by many psychological observ- 
ers. It is well known that in a group the 
emotions of an individual person may, under 
certain circumstances, become extraordinar- 
ily intensified, with a marked reduction in his 
capacity for intellectual criticism and control. 
This seems well illustrated by the remark of 
the crew member who stated that during a 
race he “concentrates” but does not “think.” 
The crew constitutes a highly organized 
group. Observation suggests that the effect 
of membership in this group not only inten- 
sifies the emotions but that during the race 
each man subordinates his capacity to think 
for himself. The present study represents an 
early attempt to make biochemical observa- 
tions of group processes. 

It seems likely, furthermore, that partici- 
pation in this kind of group activity may 
result in the temporary submergence of indi- 
vidual differences of character by relatively 
primitive biological drives.2® Individual 
character structure is, of course, exactly what 
the Rorschach test differentiates. On the 
other hand, an alteration in the rhythmic 
cycle of relatively primitive biological drives 
could be represented by changes in the diur- 
nal excretion pattern of 17-hydroxycorti- 
coids. An obliteration of the usual diurnal 
decrease in 17-hydroxycorticoid during the 
afternoon and evening was actually observed 
on race day in both years. Training seemed 
to intensify the involvement of each man in 
the efforts of the group, and, especially dur- 
ing the race, individual thoughts, feelings, 
and differences receded and tended to disap- 
pear. Statements of the men during their 
interviews, including those who have been 
members of both crews, suggested that this 
had not been achieved nearly so successfully 
in 1954. 

In addition to these correlations between 
the metabolic and psychological findings on 
the group as a whole (Figs. 7 and 8) a cor- 
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SUBJECT A SUBJECT B 
TIME TIME 
CONTROL |PRACTICE] TRIAL | RACE ICONTROLIPRACTICE] TRIAL | RACE 
6/13 6/12 6/11 6/9 6/13 6/12 6/11 6/19 
RESPONSE 
(5-9pm) 
URINARY 9¢ 
17-HYDROXY- 
CORTICOIDS 
mg/4hours 
URINARY 
17-KETO- 
STEROIDS | 
mg./4hours 
UROPEPSIN 
units/4hours 


Fig. 9.—The metabolic response of two members of the crew of 1954. The periods of urine 
collection illustrated are from 9 a. m. to 1 p. m., 1 to 5 p. m., 5 to 9 p. m., and 9 p. m. to9 a. m. All 
charted values represent the amount of material excreted per four hours. 


respondence between the biochemical find- 
ings and the psychological make-up of at 
least two persons could also be established 
(Figs. 9 and 10). One of the men showed 
a wide divergence from the other members 
of the crew in regard to his responses in the 
Rorschach test. He produced, for example, 
only eight responses to the 10 ink blots 
(Fig. 104), whereas the mean value for the 
crew was 29 (Fig. 8). Such a small number 
of responses is usually associated with a gen- 
eral emotional inhibition. This was also mani- 
fested in the Thematic Apperception Test, 
where little freedom or spontaneity of imag- 
ination was expressed. These responses indi- 
cate blocking and anxiety. There was a 
similar divergence from the group in his met- 
abolic response (Fig. 94). This was char- 


acterized by urinary 17-hydroxycorticoid 


values at the lowest level of the normal range 
and a urinary uropepsin value below that 
seen in normal subjects. Furthermore, the 
urinary 17-hydroxycorticoid response to the 
race day was the smallest observed in the 
group. 

Another crew member gave 45 responses 
to the Rorschach test (Fig. 10B). This is 
considerably above the group mean of 29 and 
is the second largest number of responses. In 
spite of this, he gave only one “color” 
answer. Failure to respond to color, particu- 
larly among a large number of responses, 
is usually associated with a reluctance to 
express personal feelings outwardly. This 
seemed reflected in his comment about a fig- 
ure he perceived in one of the Rorschach 
cards: “It looked like he was calm on the 
outside and barking on the inside.” During 
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his personal interview with the psychiatrist, 
he confessed that during the last part of an 
earlier race he felt as though he was going 
“to vomit every other stroke.” His meta- 
bolic response (Fig. 9B) was characterized 
by the second highest increase in 17-hydroxy- 
corticoid excretion on the time-trial and 
race days as compared with the control and 
practice days. In addition, his urinary uro- 
pepsin levels were the highest noted in the 
group, 13,500 units per 24 hours, which is 
considerably above the normal range. His 
urinary 17-ketosteroid response was similarly 
the highest noted in the group. This subject 
does not express his personal feelings and 
perhaps sees himself as “calm on the outside 
while barking on the inside,” which may be 
reflected in his exaggerated metabolic re- 
sponse. His tendency to vomit during and 
after the race is of particular interest in view 
of his high uropepsin levels ! 

The apparent relation between the psycho- 
logical and metabolic findings in these two 
persons is of considerable interest. In the 
remaining members of the crew similar cor- 
relations could not be brought out so clearly. 
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Fig. 10.—The Rorschach response in two members of the crew of 1954. 


More extensive observations will be required 
in these persons before dependable correla- 
tions can be anticipated. 


The over-all study provides metabolic and 
psychological evidence suggesting that a suc- 
cessful crew endeavor depends not only on 
the physical performance of the rowers but 
also on how much each crew member has 
been able to resolve his conflicts concerning 
the personal implications of rowing and on 
how far he can merge his individual drives 
with the activity of the crew as a group. The 
contribution of college rowing to the educa- 
tional development of those who go out for 
it, on the other hand, would seem to depend 
on how high a price each man has to pay in 
order to make such a major emotional invest- 
ment. The answer would presumably vary 
from one individual to another and would 
require extensive study beyond the scope of 
these observations. 


CONCLUSIONS 


The stress of crew racing, as well as other 
forms of physical and psychological activity, 
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has been found to result in an increase in the 
total 17-hydroxycorticoids’ in the urine, 
therefore presumably indicating an increase 
in adrenal cortical activity. 

The increase in total urinary 17-hydroxy- 
corticoids was not great enough to account 
for the eosinophile fall in some persons, 
when conipared with standard corticotropin 
responses. This discrepancy could be ex- 
plained by either increased “utilization” of 
endogenous steroid during exercise or by 
elaboration of other eosinopenic factors, such 
as epinephrine, or by a combination of both 
factors. Final interpretation of this cannot be 
arrived at with the present data. 

The urinary 17-ketosteroid output of the 
1954 crew members was significantly in- 
creased only during the four-hour pre-race 
and pre-time-trial periods. 

The urinary uropepsin levels were found 
to be elevated in a majority of the crew mem- 
bers throughout the observation period. 

The importance of psychological factors 
in causing adrenal cortical activation was 
brought out by the fact that corticoid output 
on practice days, on which physical exercise 
was roughly comparable to the race and time 
trials, was not increased over the control 
days, on which there was no rowing. There 
was, however, evidence of significant adrenal 
cortical stimulation during the time-trial and 
race days, when the psychological setting 
was, of course, entirely different. 

Varsity rowing represented a major emo- 
tional investment for each man and, there- 
fore, rowing in the race presumably consti- 
tuted a severe psychological stress for all. 

The metabolic response of the individual 
crew members of the race in 1954 was notice- 
ably less uniform than in 1953. Moreover, 
the mean urinary 17-hydroxycorticoid levels 
of the entire crew, and the levels of each of 
the three persons common to both crews, 
were higher in 1954 than those in 1953, indi- 
cating perhaps greater pre-race tension in 
1954. 

Prior to the race in 1954, members of the 
crew felt that, in contrast to 1953, they were 
not “rowing together” and the group had 


evidently failed to achieve effective integra- 
tion of individual differences. The race was 
won in 1953 and lost in 1954. 
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In the hope of finding a less toxic analogue 
of nitrogen mustard, Haddow replaced the 
methyl the nitrogen 
molecule with various aromatic radicals. The 


groups in mustard 
compounds which were synthesized were not 
as effective as nitrogen mustard. Since the 
effect of nitrogen mustards is thought to 
be related to its ability to alkylate (i. e., 
exchange its halogen radical for some un- 
known body constituent), Timmis substi- 
tuted another alkylating radical, sulfonic 
acid ester, for the halogen group. He syn- 
thesized a series of disulfonic ester mole- 
cules having various carbon chains. The four 
and five carbon chains were found to be most 
effective against the Walker rat carcinoma 
256." 

Galton first reported the effects of 1,4- 
bis (methylsulfonoxy ) butane (Myleran) in 
human leukemia.* After two years of ex- 
perience in 19 patients with chronic granulo- 
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ranulocytic 


cytic leukemia he reported clinical improve- 
ment similar to that obtained with x-ray 
therapy. Myleran was not found to be ef- 
fective in the treatment of acute leukemia 
or chronic lymphocytic leukemia. Resistance 
to Myleran occurred in three patients. Sub- 
sequently others have reported similar re- 
sults.+ During the past 14 months we have 
treated and evaluated 24 cases of chronic 
granulocytic leukemia with this drug. 


METHOD 


Among the 24 patients with chronic granulo- 
cytic leukemia who were treated with Myleran, 
13 were females (Table 1) and 11 were males. 
Age range was from 2 to 72 years. Only two 


1.—Patients with Chronic Granulocytic 
Leukemia Treated with Myleran 
Av. 
Duration of symptoms, mo.................. 13 (0.5-48) 


Previous treatment 
Urethan 


Patients, No. 
9 


patients were under 20 years, and one was over 
70 years of age. The duration of symptoms prior 
to Myleran therapy varied from two weeks to 
four years. Eight patients received other forms 
of antileukemic therapy prior to receiving Myleran. 
Six patients received courses of both urethan and 
x-ray therapy. Two received only one course of 
urethan. 

The diagnosis of chronic granulocytic leukemia 
was established by the usual clinical and laboratory 
findings. All patients with chronic granulocytic 
leukemia who were seen after March 1, 1954, 
received Myleran except those who were already 
receiving and responding to other forms of manage- 
ment. The clinical findings, hemoglobin, and leuco- 
cyte and differential counts were observed at weekly 
intervals until a maintenance dose could be estab- 
lished, after which the patients were seen semi- 
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monthly. All of the patients were treated in the 
office or as outpatients in the hematology clinic. 

Bone marrow aspirations were obtained before 
Myleran therapy and again after leucocyte counts 
were within normal range. 


TABLE 2.—Dosage Schedule of Myleran in Patients 
with Chronic Granulocytic Leukemia 


Av. Range 
Initial dose, mg./day..............+0+ 7 4-14 
Required to lower WBC to normal 
6.2 3-12 
Maintenance dose, mg./day.......... 1.5 3-4 
Duration of therapy, mo............. 6 3-13 
Duration of remission, mo........... 4.5 1-12 
Number of relapses per patient...... 0.75 0-5 


RESULTS 
DosacGeE SCHEDULE AND THE WHITE CELL CouNT 
(TABLE 2) 
A. Initial Dosage.—The initial dose of 
Myleran depended upon the height of the 
leucocyte count. Patients with counts greater 


Chronic Granulocytic Leukemia 
Onset Imo. prior Ry 


Immoturity index 


A. M. A. ARCHIVES OF INTERNAL MEDICINE 


than 100,000 cells/cu. mm. received 8 to 10 
mg/day; those with counts between 50,000 
and 100,000 received 6 to 8 mg/day, and 
those with counts less than 50,000 received 
less than 6 mg/day. Reduction in the leuco- 
cyte count occurred during the first two 
weeks of therapy. The initial dose was re- 
duced according to the rate at which the 
white cell count decreased. If the white cell 
count gradually decreased, then the initial 
dose was maintained until the leucocyte 
count was in the vicinity of 15,000/cu. mm., 
at which time maintenance dosage was estab- 
lished. Sensitivity to Myleran varied from 
patient to patient. Some patients were more 
sensitive to Myleran than others. In three 
patients precipitous drops (94%, 51%, 66% ) 
in the leucocyte count occurred after one 
week of therapy. When this occurred, the 
dosage was reduced accordingly or was 
discontinued. 
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Fig. 1.—Chart showing a favorable hematologic course in a patient with chronic granulocytic 


leukemia treated with Myleran. 
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MYLERAN 


THERAPY 


The white cell counts were reduced to 
normal levels (i. e., < 12,500/cu. mm.) in 
all of the patients after 3 to 12 weeks of 
therapy, with use of total doses ranging from 
WBC 
< 3500 cells/cu. mm.) occurred in three 
patients receiving Myleran. White cell counts 


70 to 534 mg. Leucopenia (i. e., 


became elevated again as soon as the agent 
was discontinued in all of the leucopenic 
patients. 


B. Maintenance Dosage.—A maintenance 
dose was established as soon as the white 
cell count approached normal range. The 
dosage varied with the individual patient and 
ranged from 2 mg/week to + mg/day. Main- 
tenance dose (Fig. 1) was determined as 
the smallest amount of Myleran necessary to 
prevent elevation or further reduction in the 
white cell count. Two patients did not re- 
ceive maintenance therapy and maintained 


CHRONIC GRANULOCYTIC LEUKEMIA 
JS, 414 
Previous R Urethane and x-ray (6 mcs) 


Periphera/ /mmaturity index 


normal counts for one and six months, 
respectively. 


DosAGE AND RELAPSE 

To date seven patients have relapsed. Five 
patients relapsed once; one patient, twice, 
and one, five times. All responded to a sub- 
sequent course of Myleran. The dosage 
schedule was similar to the initial schedule 
in all except the patient who relapsed five 
times. In this patient each subsequent re- 
lapse has required higher doses of Myleran 
(Fig. 2). The last relapse required 14 mg/ 
day for two weeks before the white cell 
count became normal. The relapse rate, to 
date, is 0.75 relapses per patient. 


DwuRATION OF REMISSION 


A patient was considered in remission 
whenever he was clinically asymptomatic, 
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Fig. 2.—Chart showing hematologic relapses and subsequent response to further therapy 
with Myleran in a patient with chronic granulocytic leukemia. Each subsequent remission was 
of shorter duration, and each relapse required larger doses of Myleran. 


8 9 


= 
6.0 
ine, 
3 
4.0 
10 
20 
= 
+ 
12 13 19 
Re 


A. M. A. ARCHIVES OF INTERNAL MEDICINE 


the leucocyte count was less than 12,500, 
the differential count or the peripheral im- 
maturity index was normal, and the hemo- 
globin level and the bone marrow were 
normal. The degree of remission, therefore, 
varied with the patient. However, all patients 
met the criteria for remission except two 
who remained anemic. At the present time 
the durations of remission have ranged from 
1 to 13 months (mean, 4.5 months). 


CLINICAL EFFECTS 


Subjective improvement was noted in all 
of the patients treated. Increase in the feeling 
of well-being and amelioration of malaise 


TABLE 3. 


Effect of Myleran upon the Spleen 


Size of Spleen* 


After 


Before 
Patients, No. Therapy Therapy 
(4-20) 0 
4, 10, 20 2, 5,6 


* Measured as centimeters below the left inferior costal 
margi«. at the midcelavicular line. 


TABLE 4.—Peripheral Blood Changes in Chronic 
Granulocytic Leukemia Treated with Myleran 


Prior to Early 
Therapy Remission 
Hemoglobin, gm. ...... 10.9 (7.5-14.4) 13.2 (10.0-17.5)* 


8.0 (5.0-12.5)* 
0.4 (1.4-0)* 


WBC, 1000/em.? ....... 155.2 (400.0-33.0) 
Immaturity index ..... 2.6 (5.6-0.4) 


* Difference highly significant (P <0.001); values within 
parentheses indicate range. 


and loss of energy were prominant features, 
which appeared to be independent of the 
hematologic improvement. Weakness and 
fatigability, however, decreased as the de- 
gree of anemia decreased. Otitis media, 
rhinitis, or sinusitis were troublesome com- 
plications which resisted antibiotic and other 
conventional otolaryngologic therapeutic 
measures. Symptoms from these complica- 
tions persisted until the white cell count 
became normal. 


SPLEEN AND LIVER 
Splenomegaly was found in 14 patients. 
The position of the tip of the spleen varied 
from 2 to 20 cm. below the inferior costal 
margin at the midclavicular line. During 
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remission (Table 3) the tip of the spleen 
was no longer palpable in any but three 
patients. In these patients the tip of the 
spleen was less than half the initial distance. 
Enlargement of the spleen recurred with 
relapse and subsequently subsided with re- 
mission. 

Hepatomegaly (2 to 8 cm. below the right 
costal margin in the midclavicular line) was 
present in seven patients. The liver was no 
longer palpable in six after remission. 


HEMATOLOGICAL CHANGES (TABLE 4) 


Leucocyte counts initially ranged from 
33,000 to 400,000/cu. mm. (mean, 155,000). 
The average white cell count during remis- 
sion was 8000/cu. mm. (range, from 5000 
to 12,500), which represented a significant 
(P< 0.001) reduction in all of the patients 
treated. By the end of the first week of 
therapy white cell counts were reduced by 
10% to 00%. 

Hemoglobin — values 
ranged from 7.5 to 15.5 (mean, 10.0) gm/ 
100 ml. Thirteen patients were anemic prior 
to therapy. Anemia was corrected in al! 
except two patients. During remission, hemo- 
globin values ranged from 10.0 to 17.5 (mean, 
10.9) gm/100 ml. This represents a signit- 
icant elevation (P< 0.001). 

The peripheral immaturity was expressed 


before treatment 


as a numerical index calculated from the 
ratio of immature granulocytes to segmented 
granulocytes. Normally this index is less 
than 0.1. Previous to therapy this index 
averaged 2.6, ranging from 5.6 to 0.4. During 
remission the mean peripheral blood im- 
maturity index was 0.4 and ranged from 
1.4 to 0, which was also a highly significant 
reduction (P< 0.001). The peripheral im- 
maturity index closely paralleled the changes 
in the white cell count. In some patients a 
relapse was heralded by an increase in this 
index (left shift). In the patient who de- 
veloped acute leukemia the peripheral blood 
showed progressive increase in this index, 
associated with the increasing number of 
blast cells (Fig. 2). 

The differential blood cell count was sig- 
nificantly altered in all of the patients treated. 
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MYLERAN THERAPY 
In 7 of 12 patients the peripheral blood did 
not show any evidence of a leukemic pro- 
cess during remission. In two patients 
(Fig. 3) a completely normal differential 
count persisted for 10 months. In all the 
patients reduction in the white cell count 
was accompanied by a reduction in the num- 
ber of blasts and other immature cells. One 
patient on maintenance therapy showed pro- 
gressive increase in the number of immature 
cells even though the white cell count re- 
mained normal. In this patient, when Myleran 
was discontinued a prompt rise in the cell 
count occurred (Fig. 2). The immaturity 
index and leucocyte count were subsequently 
reduced, after a second course of Myleran. 

Basophilia and eosinophilia occurred in 
most of the patients during and shortly after 
the period of white cell count reduction. 
However, the increased percentage of baso- 
philes and eosinophiles was relative. When 
the absolute numbers of basophiles and 
eosinophiles are plotted (Fig. 4), an actual 
reduction in the number of these cells is 
found. 

The blood platelets (Table 5) were evalu- 
ated in the stained peripheral smear. Eight 
patients did not show any marked altera- 


tion in their platelets. Platelets appeared 
increased in four, reduced in one, and were 
increased early in the course of therapy and 
later reduced in two. The increase in plate- 
lets was most pronounced during the early 
phase of remission. Thrombocytopenia was 


not observed in any of the patients treated. 


TABLE 5.—Changes in the Number of Platelets 
Observed on Direct Smears 


Patients 
Cc 
Platelets No. Per Cent 
Increase/decrease ............. 2 9 


Bone marrows prior to therapy contained 
a marked granulocytic and megakaryocytic 
hyperplasia, with relative reduction in eryth- 
ropoiesis. Granulocytic hyperplasia was 
substantially reduced in bone marrows ob- 
tained during remission. In no instances were 
normal bone marrows (i. e., without some 
degree of granulocytic hyperplasia) found 


during remission. 


Fig. 3—Peripheral blood in a patient with chronic granulocytic leukemia before (4) and 
I I 


after (B) treatment with Myleran. 
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CLINICAL OUTCOME TO DATE 


Up to this time five patients have died 
while on Myleran therapy. 


Case 1—A 35-year-old white woman died two 
years after the onset of her leukemic symptoms. 
She received a total dose of 196 mg. of Myleran 
over a six-week interval. Three weeks before her 
death a fever developed. Her white cell count at 
this time was 23,800/cu. mm. The dose of Myleran 
was raised from 2 mg/day to 4 mg/day. One week 
later Myleran therapy was discontinued because 
her leucocyte count decreased to 1450 cells/cu. mm. 
Blood cultures at this time grew out Pseudomonas 
aeruginosa. The patient was hospitalized and given 
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Fig. 4—Graph shows the relationship of the 
percentage of basophiles and absolute numbers of 
basophiles to the white cell count. 


antibiotics. Seven days later the white cell count 
further decreased to 700/cu. mm., with 80% blast 
cells. The patient died the next day. Postmortem 
examination revealed an overwhelming Pseudo- 
monas septicemia. 


Case 2.—A 54-year-old white woman died four 
years after the onset of her leukemic symptoms. 
Prior to Myleran she received courses of x-ray 
therapy and urethan. She was given Myleran for 
the first time 11 weeks before she died. After a 
total dose of 126 mg. of Myleran, given over 
a three-week period, the white cell count was re- 
duced from 64,000 to 5200/cu. mm. No maintenance 
therapy was given. Subsequently, the white cell 
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count gradually increased to 16,000/cu. mm. three 
weeks prior to death. The patient was given 2 
mg/day of Myleran for one week. The dose was 
then raised to 6 mg/day because the leucocyte 
count rose to 55,000/cu. mm. Three days before 
death the dose of Myleran was increased to 8 
mg/day, since the leucocyte count was then 
79,000/cu. mm. The patient died suddenly. Post- 
mortem examination revealed a cerebral vascular 
accident to be the cause of death. 


Case 3.—A 47-year-old white woman had symp- 
tomatology of chronic granulocytic leukemia of 40 
months’ duration. She had previously received 
urethan for two years until the leukemic process 
became resistant to further therapy. Subsequently, 
an eight-month course of x-ray therapy to the 
spleen resulted in some improvement, although the 
anemia, leucocytosis, and granulocytic immaturity 
persisted. She then received 200 mg. of Myleran 
over a seven-week interval. The white cell count 
decreased from 64,000 to 9700/cu. mm., and the 
degree of peripheral immaturity also decreased 
(peripheral immaturity index decreased from 0.6 
to 0.3). During the sixth week of therapy the pa- 
tient developed fever, chills, and night sweats. She 
was hospitalized by her private physician and 
treated with antibiotics, blood transfusion, and 
other supportive measures. Her fever persisted 
until her death, nine weeks after initiation of 
Myleran therapy. The cause of death was not 
determined. 

Case 4 (Fig. 5)—A 24-year-old white woman 
had had symptoms from chronic granulocytic 
leukemia for two years. Prior to Myleran she 
received a course of urethan followed by a course 
of x-ray therapy given over a twenty-month in- 
terval. She was given 280 mg. of Myleran over a 
six-week period. The white cell count decreased 
from 80,000/cu. mm. to 4200/cu. mm. and was 
associated with a rise in hemoglobin and almost 
complete normalization of the peripheral blood. 
She maintained a normal white cell count for three 
weeks, during which time maintenance therapy 
was not given. During the 10th week the white 
cell count increased, and the patient required a 
second course of Myleran; total dose was 196 mg. 
given over a five-week interval. The white cell 
count decreased from 110,000 to 7200 and was : 
associated with comparable reduction in the anemia 
and granulocytic immaturity. Maintenance therapy 
varied from 4 mg/week to 6 mg/day. The number 
of blast cells in the peripheral blood and anemia 
progressively increased despite the normal white 
cell count. During the 24th week of therapy, 6- 
mercaptopurine (100 mg/day) was given to the 
patient in the hope of reducing the number of 
blast cells. Myleran was discontinued on the 26th 
week, the patient receiving only 6-mercaptopurine 
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Fig. 5—The hematologic course in a_ patient 
with chronic granulocytic leukemia treated with 
Myleran. Graph shows the initial response, followed 
by subsequent relapse, and gradual conversion 
into acute leukemia, which terminated in death. 


until the 30th week. At this time the white cell 
count was 1250/cu. mm., with 31% blast cells, 
14% immature granulocytes, 6% segmented neutro- 


philes, 4% eosinophiles, 4% basophiles, 21% lympho- 
cytes, and 20% monocytes. All therapy was dis- 
continued, since no real improvement occurred 
with 6-mercaptopurine. When the patient returned 
the following week the white cell count was 
285,000/cu. mm., with 97% blast cells and 3% 
The patient again was given 6- 
mercaptopurine, 200 mg/day; however, she died 
three days after her last clinic visit, from her 
acute leukemia. 


eosinophiles. 


Case 5.—An 18-year-old white woman had had 
symptoms from chronic granulocytic leukemia for 
only one week before she received Myleran. This 
patient was seen in consultation by one of us 
(L. R. L.), who recommended that she receive 
Myleran. The patient improved dramatically, the 
white cell count decreasing from 400,000/cu. mm. 
to normal range in approximately six weeks, after 
which she was given maintenance therapy of 
2 mg/day. The patient failed to return to her 
family physician at the appointed intervals. After 
10 weeks of maintenance therapy she returned to 
her physician with symptoms of sore throat, weak- 
ness, fever, and prostration. The hemoglobin at 
this time was 4.0 gm/100 ml., with a leucocyte 
count of 700/cu. mm. and differential count of 
97% lymphocytes and 3% segmented neutrophiles. 
Platelets were absent from the blood smear. Bone 
marrow smear showed complete aplasia (Fig. 6), 
absence of all normal hemopoietic elements, in- 
creased fibrous tissue, plasma cells, and reticular 
elements. The patient suddenly died on the following 


day. 


Fig. 6—Bone marrow before (A) and after (B) the development of a Myleran-induced 
pancytopenia in a patient with chronic granulocytic leukemia receiving unsupervised therapy. 
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Sipe-EFFECTS 

Serious drug toxicity was not observed 
in any patient who received careful manage- 
ment with Myleran. Gastroenteropathy, skin 
reactions, or other drug reactions were not 
observed. The one patient who developed 
marrow aplasia from the agent did so in the 
absence of carefully supervised drug adminis- 
tration. The fact, however, remains that this 
agent is capable of causing marrow aplasia. 

All of the four female patients who were 
treated for more than three months developed 
amenorrhea. The endometrium, on biopsy, 
was found to be hypoplastic. At time of 
writing the menstrual periods have not re- 
turned in any of the amenorrheic females. 


COMMENT 


Myleran appears to be a valuable addition 
to the antileukemic armamentarium. Since 
other workers have reported Myleran to be 
ineffective in other forms of leukemia, we 
have limited the use of this agent to patients 
with chronic granulocytic leukemia. Our 
results are similar to published and un- 
published observations of other investigators. 


Reducticn in the leucocyte count is a 
prominent feature. The leucocyte count in 
all of our patients was reduced to normal 
levels. Some investigators, however, do not 
attempt to reduce the leucocyte count to 
normal levels, but gauge their dosage by 
the clinical response and hemoglobin level. 
Wilkenson *® feels that this method minimizes 
the danger of marrow suppression. The rate 
and magnitude of reduction in the leucocyte 
count depends upon the daily dose and the 
sensitivity of the leukemic process to the 
agent. Small doses of Myleran given over 
prolonged intervals will reduce the leucocyte 
counts to normal levels, whereas large doses 
result in more dramatic responses. Patients 
who received other forms of antileukemic 
therapy previously responded to Myleran 
in a manner comparable to those who did not 
receive prior therapy. Cross resistance to 
Myleran does not appear to occur. 

We have not had the opportunity to con- 
firm Galton’s impression that patients re- 
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ceiving Myleran become resistant to radio- 
therapy.'® 

Whether continuous or interrupted therapy 
is used depends on the individual situation. 
Nearly all our patients required maintenance 
therapy in order to sustain normal leucocyte 
counts. Only one patient in this series did 
not require maintenance therapy. Mainten- 
ance doses should be given when white cell 
counts can not be maintained at normal levels 
without therapy. Myleran does not seem to 
have cumulative effects. Discontinuation of 
therapy prevents further leucocyte count 
reduction. This is an advantage of Myleran 
over other forms of antileukemic agents, for 
it allows closer control of therapy. The rapid 
responsiveness of the disease to changes in 
dosage has also been observed by others. 


Resistance to Myleran occurs in approxi- 
mately 13% (0% to 36%) of the patients 
reported in the literature.t This is obviously 
an underestimate of the ultimate percentage 
of resistant cases. However, it does give a 
crude guide for therapeutic prognostication 
during the early phase of therapy. We have 
not observed the development of complete 
resistance to Myleran. Relapses did not 
require larger total doses except for one 
patient (Fig. 2). Similar findings have been 
observed by Galton.’® In this series, how- 
ever, subsequent remissions were of shorter 
duration than the initial remission. Resis- 
tance to Myleran developed in three patients 
of Galton’s series. All three patients were 
in the group receiving large doses of Myleran. 
He intimates a possible relationship between 
large doses and the development of resistance. 


The normalization of the leucocyte dif- 
ferential count in many of the treated patients 
has been confirmed in other reports. The 
percentage of patients in whom this can be 
expected cannot be determined, since the 
actual figures are not reported. The close 
correlation between the peripheral blood 
immaturity index and the leucocyte count is 
an interesting finding. In some patients in- 
crease in this index heralded a forthcoming 
relapse. 


t References 4-10 and present series. 
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Acute exacerbation has occurred in 12 oi 
140 patients reported in the literature.§ The 
development of the acute phase does not ap- 
pear to correlate with the amount, or dura- 
tion, of Myleran therapy or with the duration 
of the disease. It is our impression that this 
occurrence of acute exacerbation is the same 
as would naturally be expected with other 
forms of therapy. Therefore, the existing 
evidence does not appear to support the fears 
that Myleran may induce acute exacerbation 
of the disease process. It is interesting to 
note in three patients that the number of 
blast cells increased in the blood without 
concomitant increases in the leucocyte count. 

Approximately one-fourth of the reported 
cases have died while receiving Myleran, 
during an interval of one to four years. 

The increase in the percentage of baso- 
philes and eosinphiles during and_ shortly 
after the period of white cell count reduction 
was relative. When the differential counts 
were compared with the absolute numbers, 
an actual decrease in the number of basophiles 
and eosinophiles was found. This discrepancy 
appears to be due to the slower rate of de- 
crease in the basophiles as compared with 
the other granulocytes. 

Thrombocytopenia did not occur in any 
of the patients we have treated. Thrombo- 
cytopenia complicating therapy is reported 
and is related to the size of the dose used.|| 
The increase in platelets found in some of 
the patients is of interest. This phenomenon 
is reported in the literature. 

Correction of the anemia is a prominent 
feature of Myleran therapy and is confirmed 
by other reports. This effect reduces the 
necessity for transfusions. 
should only be given to those patients failing 
to respond to therapy. A failure of anemia 
to improve with Myleran therapy appears to 
represent an ominous prognosis. 

The beneficial effects of Myleran on the 
size of the liver and spleen have been con- 
firmed in other reports. In Wilkenson’s group 
reduction in the size of the spleen was not 
as marked.* This is probably due to the 


Transfusions 


§ References 4-10 and present series. 
|| References 2 and 3. 


difference in dosage. Recurrent splenomegaly 
with relapse also responds to subsequent 
therapy. 

The amenorrhea appears to be related to 
Myleran therapy. In Galton’s group amenor- 
rhea occurred in one of the two female pa- 
tients who were under 40.'° This effect 
may be due to the action of Myleran upon 
either the endometrium or the ovaries. Andro- 
genic-estrogenic determinations on the blood 
and urine were not performed. It appears 
that only 4 patients of the 140 reported in the 
literature developed serious hemopoietic side- 
effects... We have observed one patient who 
developed aplastic myelopoiesis. Report of 
this death should not detract from the value 
of this agent, since death may occur from 
misuse of any drug. This patient exemplifies 
the outcome which may result from adminis- 
tration of agents without adequate observa- 
tion and supervision. If any therapy is to be 
of value, close observation is of paramount 
importance. Patients receiving Myleran in 
doses of 2 to 10 mg/day should have weekly 
hemoglobin determinations and _ leucocyte 
counts. When the dose is reduced to less than 
2 mg/day these determinations may be per- 
formed at semimonthly intervals. Patients 
receiving more than 10 mg/day should have 
semiweekly hemograms. A patient should 
receive a supply of medication sufficient only 
for the interim of follow-up visits. When 
all these precautions are taken into account, 
Myleran appears to be a relatively safe anti- 
leukemic drug when its use is compared with 
the other available antileukemic regimens. 
Whether or not Myleran will be the drug 
of choice in treatment of this disorder de- 
pends on several factors which remain to 
be determined: (1) the frequency with which 
resistance to the agent develops; (2) the 
effect on the life expectancy; (3) the effect 
on the total clinical course of the disease. 


SUMMARY AND CONCLUSION 


The clinical and hematologic effects of 
1,4-bis (methylsulfonoxy ) butane ( Myleran) 
were studied in 24 patients with chronic 
granulocytic leukemia who were treated for 
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periods ranging from 1 to 13 months. Leuco- 
cyte counts were reduced to normal levels 
initially in all the patients. The degree of 
peripheral immaturity paralleled the changes 
in the white cell count. Relative dispropor- 
tion in the percentage of these elements oc- 
curs during active white cell count reduc- 
tion, owing to the difference in the rate of 
reduction. All stages of granulopoiesis in 
the peripheral blood are decreased with 
Myleran therapy. Improvement in subjective 
symptoms, anemia, and hepatosplenomegaly 
were prominent features. 

four young 
endometrial 


Amenorrhea occurring in 
women was associated with 
atrophy. Five patients died during therapy 
from the complications of chronic granulo- 
cytic leukemia. One patient receiving un- 
supervised therapy died from a drug-induced 
hemopoietic aplasia. The importance of 
closely supervised therapy is discussed. My- 
leran appears to be an effective agent in 
producing temporary remission in chronic 
granulocytic leukemia. Its effectiveness varies 
with the patient treated. It has some ad- 
vantage over existing forms of therapy, 
including ease of administration, absence 
of cumulative effect and side-effects, and 
close control of response. Results with 
Myleran therapy appear similar to those 
obtained from x-ray. The effect of Myleran 
on the life expectancy of the patient with 
chronic granulocytic leukemia is not yet 
known. 


ADDENDUM 


Since this article was submitted we have 
treated 8 more patients 


with Myleran, 
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making a total of 32 patients. The hemato- 
logical and clinical findings have been similar 
to the results reported in this paper. Two of 
the original patients showed good response 
to subsequent x-ray therapy, contrary to 
what has been reported.'° 

1853 W. Polk St. (12) (Dr. Louis). 
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Splenectomy in Cases Refractory to Antibiotic Therapy 


CAROLYN J. LINGEMAN, M.D. 
EDWARD 8. SMITH, M.D. 

J. S. BATTERSBY, M.D. 

and 

ROY H. BEHNKE, M.D., Indianapolis 


With the use of modern antibiotic therapy, 
60% to 70% of patients with subacute bac- 
terial endocarditis are cured. Formerly at 
least 97% of cases were fatal.’ Even if pen- 
icillin or other antibiotics are temporarily 
successful in sterilizing infected heart valves, 
a “focus” of infection in any organ of the 
body may “shower” bacteria into the blood 
to prevent permanent cure. 

The literature contains few reports of 
cases in which removal of the spleen, the 
site of an infected infarct or abscess, resulted 
in cure of the disease. Riesman,? in 1918, 
suggested that the spleen might serve as a 
“focus” of infection in certain cases of sub- 
acute bacterial endocarditis. Polowe,’ in 1939 
reported a case of subacute bacterial endo- 
carditis in which a 20-month cure followed 
splenectomy ; in his survey of the literature 
prior to that year, he found 15 fatal cases 
of this disease recorded in which splenectomy 
had been performed. 

In recent years European reports have 
suggested that the spleen may be responsible 
for the continued bacteremia in this disease. 
Fellinger and Weissel,* in 1952, described 
11 patients in whom the diagnosis of sub- 
acute bacterial endocarditis had been estab- 
lished by culturing the bacteria from the 
blood. The disease persisted in these patients 
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despite antibiotic therapy. Splenectomy was 
performed in each of the 11 patients, but 
sustained remissions occurred in only 5. 
Giraud ® and associates, of Paris, have re- 
ported three cases of antibiotic-refractory 
bacterial endocarditis in which sustained and 
increasing splenomegaly was a troublesome 
manifestation. Apparent cure followed sple- 
nectomy in all three cases. These authors 
recommend splenectomy for patients who are 
resistant to antibiotic therapy and for those 
in whom residual splenomegaly and/or pro- 
gressive hemolytic anemia are present. 

Of the cases of subacute bacterial endo- 
carditis seen at the Indiana University Hos- 
pitals since 1946, three patients have received 
splenectomies after failure with antibiotic 
therapy alone. 


REPORT OF CASES 

Case 1.—In September, 1946, a 27-year-old house- 
wife was referred to the Indiana University Medical 
Center Hospitals. A diagnosis of subacute bacterial 
endocarditis had been established at another hospi- 
tal. The patient presented a history of typical rheu- 
matic fever at the age of 9 and chorea at 11 years 
and had first become aware of “heart trouble” at the 
age of 12. Her two living children were aged 9 
years and 17 months, respectively. Five months prior 
to admission chills and fever followed a self-induced 
abortion. Only temporary relief followed sulfona- 
mide and penicillin therapy, and the symptoms re- 
turned. During the two weeks prior to admission to 
the University Hospitals, she had received 1,000,000 
units of penicillin daily, after streptococci of the 
viridans type had been identified in blood cultures. 
Upon admission the patient was acutely ill, had 
a temperature of 98 F, a pulse rate of 70 per minute 
(regular), and a blood pressure 120/80 mm. Hg. 
Petechiae were noted on the skin of the anterior 
chest wall. The lungs were normal. The heart was 
not enlarged. A Grade 3 systolic and a Grade 2 
early diastolic murmur were heard over the mitral 
area, with accentuation of the first sound. The ab- 
domen was essentially normal; the spleen was not 
309 


| 
} 
| 
| 
| 
| awe 
| 
| 
| 

| 

| 

| 

| 

| 
| 
| 


A. M. A. ARCHIVES OF INTERNAL MEDICINE 


Fig. 1 (Case 1).—Posteroanterior roentgenogram 
of chest, showing elevation of the left diaphragm 
with accompanying pleural reaction. 


palpable. A Streptococcus of the viridans type was 
isolated from the blood. 

In spite of penicillin therapy up to 10,000,000 
units per day, the temperature rose daily, sometimes 
to 103 F. On Nov. 20 severe pain developed in the 
left upper quadrant of the abdomen and large doses 
of morphine were required for relief. Dullness to 
percussion was elicited over the anterior portion of 
the left chest (Fig. 1). The spleen was not palpable 
at any time. 

Splenectomy was performed Nov. 30, 1946. The 
spleen was adherent to the diaphragm, stomach, 
colon, and lateral abdominal wall, but it was re- 
moved without unusual difficulty. 

After splenectomy a daily dose of 10,000,000 units 
of penicillin was continued for seven weeks, during 
which time blood cultures were negative. The 
patient was dismissed from the hospital approxi- 
mately four months after her admission, symptom- 
free. 


She returned to the cardiac clinic at regular inter- 
vals for three years after discharge. She was free 
of symptoms, and several blood cultures were nega- 
tive. In 1953, after the birth of her third child, 
hysterectomy was performed because of chronic 
cervicitis and postpartum uterine bleeding. The 
postoperative course was uneventful. At the pres- 
ent time the patient is able to care for her three 
children and is symptom-free except for slight 
dyspnea upon exertion (Fig. 2). 

Pathologic Report——The spleen weighed 240 gm. 
and measured 14x85 cm. In the superior pole 
was a 5X3 cm. area of gray, necrotic material, 
from which a Streptococcus of the viridans type 
was cultured. The focus appeared microscopically 
as an area of necrosis in which only faint outlines 
of splenic architecture were visible. In the necrotic 
area were scattered polymorphonuclear leucocytes 
and some clumps and short chains of Gram-positive 
cocci. The area was surrounded by a zone of fibro- 
blasts and some dense fibrous tissue. In the rela- 
tively intact surrounding tissue the sinusoids were 
prominant and there was an increase of fibrous tis- 
sue and lymphoid follicles. 

Case 2.—A 22-year-old pregnant woman was re- 
admitted to the Indiana University Medical Center 
Hospitals, Nov. 23, 1947, for the fifth time. She 
had suffered from typical rheumatic fever at the 
age of 14 years. At the age of 20 a diagnosis of 
subacute bacterial endocarditis had been made fol- 
lowing isolation of streptococci of the viridans type 
from the blood. This infection had been apparently 
controlled by the administration of 2,400,000 units 
of penicillin daily for 20 days. During the four 
months preceding her fifth admission, she had ex- 
perienced intermittent fever, chills, and malaise, all 
of which had followed an initial episode of “flu.” 
Forty-eight hours before admission, hemorrhagic 
“spots” appeared on the skin accompanied by chills, 
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Figure 2 (Case 1) 
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SUBACUTE BACTERIAL ENDOCARDITIS 


Fig. 3 (Case 2).—Posteroanterior roentgenogram 
of chest, showing generalized cardiac enlargement 
and pleural reaction in the left hemithorax. 


fever of 104 F, and severe pain in the left upper 
quadrant of the abdomen. 

The patient appeared chronically ill. She had a 
temperature of 102 F, a pulse rate of 100 per minute, 
and a blood pressure 110/78 mm. Hg. Petechiae 
were noted in the skin. The lungs were normal. 
The point of maximal impulse of the heart was 
10 cm. to the left of the midsternal line. A systolic 
murmur, Grade 4, and a soft diastolic murmur, 
Grade 2, were heard over the mitral area. A Grade 
2 diastolic murmur was heard over the aortic area. 
The spleen was palpable 6 cm. below the left costal 
margin. The uterus was enlarged to the size of a 
four-month gestation; fetal heart sounds were 
audible. 

The patient experienced repeated episodes of 
severe left upper quadrant abdominal pain, which 
was referred to the left shoulder. Recurrences of 


petechiae accompanied intermittent low-grade fever. 
Three weeks after admission, a pleural friction rub 
was heard over the inferior portion of the left chest 
(Fig. 3). 

Splenectomy was performed Dec. 18, 1947. The 
spleen was adherent to the pancreas, stomach, and 
diaphragm and contained numerous thin-walled foci 
having the gross appearance of abscesses, several 
of which were ruptured as the organ was mobilized. 
Before surgery was completed, the patient went 
into shock, but she responded to transfusion with 
whole blood. 

Repeated blood cultures were negative. Four 
after the splenectomy the patient was 
delivered of a full-term viable infant; the puer- 
perium complicated by hemorrhage 
ascribed to uterine atony. 


months 


was severe 
The patient was readmitted to the University 
years that once for 
infectious hepatitis and once for tooth extraction. 
In 1950, streptococci of the viridans type were again 
isolated from the blood, but they disappeared after 
penicillin therapy. In August, 1952, when conges- 
tive heart failure appeared for the second time, 
the patient was given digitoxin 0.1 mg. daily and 
diuretics, to which she responded poorly. In Sep- 
tember of the same year she was readmitted in 
severe congestive heart failure, and she died the 
following day (Fig. 4). 


Hospitals in the followed, 


Pathologic Report—The spleen measured 22 by 
15 by 8 cm. The entire superior one-half of the 
organ was replaced by a large necrotic cavity filled 
with semiliquid material. An infarct, 4X%5x6 cm., 
was present in the lower pole. Material from this 
focus was cultured, but no organisms grew. Micro- 
scopically, the well-defined areas of necrosis con- 
tained remnants of splenic architecture. Around the 
periphery were clumps of bacteria and scattered 
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polymorphonuclear leucocytes. A surrounding zone 
consisted of a layer of well-vascularized fibrous 
tissue. In the surrounding splenic tissue the sinus- 
oids were prominent and there was an increase in 
fibrous tissue in some of the secondary follicles. 

Autopsy Report—The most impressive changes 
were noted in the heart, which weighed 450 gm. 
The visceral and parietal pericardia were densely 
adherent. The entire heart was dilated, and the wall 
of the left ventricle measured 15 mm. in thickness. 
The circumference of the ring of the mitral valve 
was 130 mm. The leaflets were slightly thickened 
by fibrous tissue, and there was minimal thickening 
of some of the chordae tendineae. Two minute calci- 
fied excrescences were noted, one on the atrial sur- 
face of the posterior leaflet and one on a chorda. 
The aortic ring measured 80 mm. The slightly 
thickened cusps were adherent at the commissures. 
The remaining valve rings were not abnormal. The 
heart showed no evidence of active rheumatic fever 
or of subacute bacterial endocarditis. The other 
organs were not remarkable except for evidence of 
chronic passive congestion in the lungs, liver, and 
kidneys and some healed infarcts in the right kid- 
ney. The brain was not examined. Microscopic 
sections confirmed the gross diagnosis of chronic 
valvular disease, with evidence of long-standing con- 
gestive heart failure. 

Case 3.—A 3l-year-old machine operator was 
admitted to the Indiana University Medical Center 
Hospitals in August, 1952. He had suffered an at- 
tack of rheumatic fever, with typical migratory 
polyarthritis, at the age of 15 years and had failed 
a military induction examination at the age of 22 
years because of “leakage of the heart.” Following 
a tooth extraction, approximately six weeks prior 
to admission, he had noticed daily temperature 
elevation and extreme fatigue. On the day prior 
to admission he had experienced a sudden loss of 
consciousness. 


A. 
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Fig. 5 (Case 3).—Posteroanterior roentgenogram 
of chest with large left pleural effusion. 


On physical examination the patient was pale 
and chronically ill. There were no petechiae on the 
skin. The temperature was 103 F; the pulse rate 
was 90 per minute (regular), and the blood pres- 
sure was 110/62 mm. Hg. The lung fields were 
clear. The heart was not enlarged. A systolic 
murmur, Grade 3, was heard over the mitral area, 
with accentuation of the first sound and a clearly 
audible mid-diastolic click. No abdominal viscera 
were palpable. Both ankles were red, painful, and 
swollen. A Streptococcus, sensitive to chloram- 
phenicol, was isolated from a blood culture. Other 
The 
was 


laboratory examinations were not abnormal. 


admission x-ray examination of the chest 
essentially normal. 

Approximately 10 days after chloramphenicol 
therapy, 2 gm. per day, was initiated, the patient 
developed severe pain in the left shoulder and dull 
aching in the left upper quadrant of the abdomen. 
At this time there was dullness to percussion in the 


left chest inferiorly, accompanied by diminished 


Pain 
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Fig. 6 (Case 3).—First admission. 
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Fig. 7 (Case 3).—Second admission. 


vocal and tactile fremitus. The spleen was not 
palpable. Fluoroscopic examination of the chest 
revealed diminished diaphragmatic excursion on 
the left, with the density of pleural effusion (Fig. 
5). Fluid obtained by thoracentesis was cloudy; 
contained 4 gm. of protein per 100 ml. and 1275 
leucocytes per cu. mm., 71% of which were lympho- 
cytes, and proved to be bacteriologically sterile. 
Chloramphenicol therapy was continued, and the 
temperature returned to normal. The patient had 
no further pain. The pleural density seen on x-ray 
examination failed to resolve completely. The pa- 
tient was discharged 23 days after cessation of the 
drug therapy (Fig. 6). 


Nine days later, the patient was readmitted be- 
cause of severe pain in the left anterolateral chest 
and recurrent chills and fever. In the 24 hours 
preceding admission he had coughed up approxi- 
mately 14 pt. (about 250 cc.) of blood. At this 
time he was acutely ill and was coughing bloody 
semipurulent material. The cardiac murmurs had 
The spleen was not palpable, nor 
were petechiae observed. Antibiotic therapy was 
reinstituted, first penicillin and later streptomycin. 
The patient continued to have symptoms. 


not changed. 


At 
the 


Splenectomy was performed Nov. 14, 1952. 
surgery the spleen was firmly adherent to 
diaphragm, stomach, and colon. During blunt 


Fig. 8 (Case 3).—Microscopic section of spleen showing an infarct. The necrotic area, right, 
with colonies of bacteria and inflammatory cells in the periphery, is well-demarcated from the 
relatively normal spleen by a layer of fibrous tissue. 
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section, approximately 300 cc. of necrotic material 
was released from a large cavity in the superior 
pole. The focus had extended through the splenic 
capsule, and the space entered was that of a sub- 
diaphragmatic abscess from which an alpha-hemoly- 
tic Streptococcus was isolated. 

The patient subsequently returned to full-time 
employment. He was seen in the out-patient cardiac 
clinic in August, 1953, and at the present time is 
able to work (Fig. 7). 

Pathologic Report.——-The spleen weighed 400 gm. 
and measured 114.513 cm. There was a large 
area of coagulation necrosis and a small healed 
infarct, 2.533 cm. In a microscopic section the 
necrotic tissue appeared as the eosinophilic, shadowy 
remnants of splenic structures; around the periph- 
ery there bacterial and_ scattered 
leucocytes, predominantly polymorphonuclear cells. 


were colonies 
There was an irregular surrounding zone composed 
of strands of fibroblasts, which in some areas were 
invading the necrotic In the uninvolved 
splenic tissue the sinusoids were prominent and 


focus. 
there was an increase of fibrous tissue (Fig. 8). 


COMMENT 


Splenomegaly is present in the majority 
of patients with subacute bacterial endo- 
carditis. The common pathologic changes 
in these enlarged spleens are congestion, 
hyperplasia, and infarction. Despite rapid 
enlargement and the occurrence of large 
infarcts, pain in the left upper quadrant of 
the abdomen occurs infrequently. Spontane- 
ous rupture is rare. Lockwood,* found only 
10 cases reported prior to 1948. 

Probably more often than is suspected, a 
splenic infarct becomes infected. The necrotic 
material, protected by a capsule of granula- 
tion or fibrous tissue, is excellent culture 
medium for bacteria ; antibiotics even in high 
blood levels apparently cannot penetrate the 
“barrier” to eradicate the “focus.” 

Each of the three patients presented in 
this paper had typical subacute bacterial 
endocarditis, severe pain in the left upper 
q. «drant of the abdomen, and continuous 
bacteremia in the presence of high blood 
levels of antibiotics. At some time during the 
preoperative course of each patient there was 
evidence of pleural reaction or fluid accumu- 
lation in the adjacent left hemithorax. After 
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splenectomy each patient became afebrile and 
repeated blood cultures were negative. The 
spleens of all three contained “infected” 
infarcts, and streptococci were cultured from 
two. Two of the patients are living at the 
present time, eight years and two and one- 
half years, respectively, following splenec- 
tomy and are free of evidence of infection. 
The third patient showed clinical improve- 
ment for about five years but later succumbed 
to congestive heart failure with evidence of 
severe rheumatic valvular disease. 


SUMMARY 

Splenectomy is a valuable therapeutic pro- 
cedure in selected cases of subacute bacterial 
endocarditis in which adequate and appro- 
priate antibiotic therapy fails. Three patients, 
whose case histories are presented, experi- 
enced complete remissions of the disease 
following splenectomy. In an 
infected infarct of the spleen had apparently 
been the source of the persistent bacteremia. 

X-ray films were made available by Dr. John A. 
Campbell, Department of Radiology, Indiana Uni- 
versity Medical Center. Illustrations were prepared 
by Messrs. Paris Johnson and James F. Glore, 
Department of Illustration, Indiana University Med- 


each case, 


ical Center. 
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Previous studies have demonstrated that 
the unique behavior of hemoglobin S_ with 
respect to polymerization, molecular orienta- 
tion,’ and decreased solubility consequent 
upon deoxygenation * is responsible for the 
sickling phenomenon and that blood from 
patients with sickle-cell disease shows in- 
sickled cells, increased 


creased number of 


erythrocyte mechanical fragility, and in- 
creased whole blood viscosity at reduced 
oxygen tensions.* The erythrocytes of sickle- 
cell anemia contain hemoglobin S in sufficient 
concentration to allow these changes to occur 
within the physiologic range of oxygen ten- 
sions; the erythrocytes of sickle-cell trait 
contain a concentration of hemoglobin S 
insufficient to show these changes except 
upon extreme reduction of the oxygen ten- 
sion, to levels usually considered nonphysio- 
logic. The relationship of these effects of 
dexoygenation to the mechanism of produc- 
tion of the hematologic abnormalities and 
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circulatory alterations clinically seen in pa- 
tients with sickle-cell disease has been dis- 
cussed by Harris and his associates.* 

The identification and description of pa- 
tients in whom hemoglobin S occurs in assoc- 
iation with another abnormal hemoglobin or 
in whom hemoglobin S coexists with another 
abnormal hematologic trait provided the 
opportunity for comparing the biophysical 
effects following deoxygenation in these con- 
ditions with the results obtained in sickle-cell 
anemia and sickle-cell trait and for evaluating 
the effects in the light of clinical severity of 
the various disease processes and in relation 
to the intracellular concentration of hemoglo- 
bin S. 


These variants of sickle-cell disease are 


believed to represent examples of double het- 
erozygosity *—the heterozygous hemoglobin 
S state in combination with the heterozygous 
state of the other abnormal hemoglobin or 
At the time of this writing, 
hemoglobin S has been reported in associa- 


disease trait. 


tion with (1) hemoglobin A (sickle-cell 
trait), (2) hemoglobin S with or without 
abnormal amounts of hemoglobin F (sickle- 
cell anemia), (3) hemoglobin C (sickle-cell- 
hemoglobin-C disease), and (4) hemoglo- 
bin (sickle-cell-hemoglobin-D disease). 
Thalassemia,® ovalocytosis,” and hereditary 
spherocytic anemia ® have also been reported 
in association with hemoglobin S. The 
studies reported here are mainly concerned 
with the biophysical changes (tactoid and 
gel formation, erythrocyte sickling and me- 
chanical fragility, and whole blood viscos- 
ity alterations) produced by lowered oxygen 
tensions induced in blood obtained from pa- 
tients with sickle-cell-hemoglobin-C disease 
and sickle-cell-thalassemia disease and com- 
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parison of these changes with similar obser- 
vations on blood from patients with sickle- 
cell anemia and sickle-cell trait. In addition, 
data are presented on one patient with 30% 
fetal hemoglobin and 70% hemoglobin S, in 
whom a definite diagnosis has not been 
established. 
METHODS 


The methods used in this study have been de- 
scribed previously. Hemoglobin solutions for the 
studies of tactoid formation and gelling were made 
by repeated freezing and thawing of thrice-washed 
red cells obtained from defibrinated blood. The 
total hemoglobin concentrations of these solutions 
ranged from 25 to 32 gm. per 100 ml. The forma- 
tion of hemoglobin tactoids and sickled cells was 
induced by deoxygenation to the indicated oxygen 
tensions by equilibrating the hemoglobin solutions 
or cells with known gas mixtures. These gas mix- 
tures contained varying amounts of oxygen and 
nitrogen but constant 10% COs in order to limit 
alterations in pCOe and pH. The pH of the equi- 
librated blood samples ranged from 7.4 to 7.6, 
measured with a Beckman pH meter, model G. 
Hemoglobin analysis was performed by the method 
of paper electrophoresis slightly modified from that 
described by Smith and Conley,® with a barbital 
buffer of pH 8.6. Fetal hemoglobin determinations 
were estimated by the alkaline denaturation method 
of Singer.1° 

RESULTS 

HeMATOLocic DATA ON PATIENTS IN STUDY 

Identifying data, representative blood cell 
counts, and cell indices for all patients in 
the present study are shown in the Table. The 
patients with sickle-cell trait, sickle-cell ane- 
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mia, and_ sickle-cell-hemoglobin-C disease 
were all identified by the characteristic paper 
electrophoretic patterns of their hemoglobins. 
When examined prior to transfusions, the 
hemoglobins of the three patients with sickle- 
cell-thalassemia disease all showed on paper 
electrophoresis a characteristic pattern,’ with 
the majority of the hemoglobin in the position 
of the hemoglobin S. A family study demon- 
strating the hereditary background of sickle- 
cell trait and thalassemia trait for Case 7 
has been reported by Reich and Rosenberg.'* 
Family studies in Case 9 are in progress f; 
they reveal a similar genetic background. 
Patient 10 was a 53-year-old Negro woman 
admitted to the hospital in the terminal 
azotemic stages of renal disease. She was 
anemic and had a positive sickle test. History 
did not reveal any previous symptoms attrib- 
utable to anemia or sickle-cell disease. Fetal 
hemoglobin was calculated to be 30% of the 
total, and paper electrophoresis of her hemo- 
globin revealed only fetal and sickle hemo- 
globin; it has not been possible to identify 
any component of hemoglobin A. A 51-year- 
old sister, who was in good health, was not 
anemic (hemoglobin, 13.5 gm/100 ml). Fetal 
hemoglobin was also present as 30% of the 
total; the paper electrophoretic pattern of 
her hemoglobin was identical with that of 
Patient 10, and the sickle test was positive. 


+ Levine, B.: Personal communication to the 
authors. 


Mean 
Corpus- 
cular 
Mean Hemo- 
Hemo- Mean Corpus- globin 
globin Fetal Red Blood Hemo- Hema- Corpus- cular Concen- 
Electro- Hemo- Cells, globin, tocrit cular Hemo- tration, Reticulo- Icterus 
3 phoretic globin, Million/ Gm./ Value, Volume, globin, Gm./ cytes, Index, 
Case Pattern %e Cu.Mm. 100 MI. % Cu. uy 100 M1. % Units 
4.14 10.8 31 75 36 35 2.1 5 
snes 8-C 4.53 12.8 36.2 80 28 35 2.9 5 
S8-C 2.0 3.25 11.8 34.0 104 36 35 4.3 10 
8-C 3,57 12.0 41.0 115 29 0.6 9 
ts S-C 1.5 3.42 11.8 33 97 35 36 0.1 5 
8-C 5.07 11.7 33.4 66 23 35 3.2 5 
Taveketheteanwkebeowes 8. Thal. 2.5 5.2 10.6 33.8 65 20 31 3.4 9 
Md cpscensusesronowas S. Thal. 0.9 3.69 9.5 29.8 83 26 32 2.4 5 
S.Thal. 143 441 9.8 30.0 68 22 33 1.6 7.5 
DD cacdvesavscussconsce S-F 30.0 3.67 74 23 63 20 32 4.0 5 
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Hematologic Values of Patients in Study 
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VARIANTS OF SICKLE-CELL DISEASE 


Errect oF DEOXYGENATION ON THE FORMATION OF 
Tacroips AND GELLING IN HEMOGLOBIN 
SOLUTIONS 

Hemoglobin tactoids and gel formation 
were produced in all disease variants of 
hemoglobin S that were studied by deoxy- 
genation of the hemoglobin solutions at 
concentrations comparable to those found 
intracellularly. The results are presented in 
Figure 7. Upon step-wise reduction of the 
oxygen tension of a hemoglobin sample the 
solution, to the unaided eye, first becomes 
slightly opaque to transmitted light and flow 
within the equilibrating flask becomes notice- 
ably slower. These minor alterations are 
associated with the appearance of small tac- 
toids (lp to 2p in length), seen best with the 
phase microscope in dark-contrast. Upon 
further reduction of the oxygen tension the 
solutions become more opaque and the flow 
becomes slower, until gel formation finally 
occurs. During this process the microscopic 
tactoids steadily increase in size. No differ- 
ence in this process or the end-result could 
be noted between the various hemoglobin 
combinations. However, the range of oxygen 
tensions at which the changes occurred was 
consistently different from one disease vari- 
ant to the next. Hemoglobin solutions pre- 
pared from the erythrocytes of patients with 
sickle-cell anemia developed small tactoids 
at substantially higher oxygen tensions than 
those required to produce tactoids in the 
hemoglobin solutions prepared from the 
erythrocytes of patients with sickle-cell trait. 
Intermediate oxygen tensions initiated the 
production of tactoids in the hemoglobin 
combinations found in the patients with 
sickle-cell-hemoglobin-C and_sickle-cell-tha- 
lassemia disease. The phenomenon of gelation 
occurred in the same relative order, although 
at somewhat lower oxygen tensions for each 
hemoglobin combination. In the total hemo- 
globin range of 25 to 32 gm/100 ml. the 
concentration had no appreciable effect upon 
the appearance of tactoids or gelation relative 
to a given oxygen tension. 


t References 1 and 13. 


Errect OF DEOXYGENATION ON THE NUMBER OF 
SicKLeEp CELLS AND WHOLE B oop VIscosiTy 
Figures 1, 2, 3, and 4 show the effects of 

deoxygenation on the number of sickled cells 

and on the viscosity of whole blood from 
patients with sickle-cell-hemoglobin-C and 
sickle-cell-thalassemia diseases. The shaded 
areas in these figures represent the range 
of results that have been obtained from pa- 
tients with sickle-cell anemia and sickle-cell 
trait. To define these ranges data from this 
and the previous study * have been combined 

and comprise the experience to date on a 

total of six patients with sickle-cell trait and 

nine patients with sickle-cell anemia. In 

Figures 1 and 3 the number of sickled cells 

is recorded as the percent sickled of the total 

number of cells. Because of anemia one pa- 
tient with sickle-cell-thalassemia disease 

(Case 7) required transfusions shortly before 

study, and, consequently, this one curve is 

plotted as per cent of the maximum number 
of sickled cells. 


Because of variations in the maximum 
absolute viscosity from patient to patient, the 
viscosity changes are plotted in Figures 2 
and 4 as per cent of the maximum increase 
obtained at complete deoxygenation. Al- 
though, as would be expected, after transfu- 
sion in the patient referred to above the 
changes in absolute viscosity were less than 
those seen in the other patients, the per- 
centage increases relative to the maximally 
achieved value upon deoxygenation are very 
similar. 

It is apparent from the data that for those 
diseases associated with hemoglobin S pro- 
gressive reduction in oxygen tension (and, 
consequently, hemoglobin saturation) is 
accompanied by progressive increases in the 
number of sickled forms. However, the range 
of oxygen tensions at which the changes were 
induced differed according to the disease 
variant. 

Comparison of Figures 1 and 3 with Fig- 
ures 2 and 4 demonstrates the similarity in 
the types of response for whole blood vis- 
cosity and number of sickled cells and, 
furthermore, indicates the close correlation 
between sickling and viscosity. 
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EFFECT OF DEOXYGENATION ON THE PER CENT SICKLED CELLS 
IN SICKLE-C DISEASE 


SICKLED CELLS 


PER CENT 


OXYGEN TENSION, MILLIMETERS OF MERCURY 


Figure 1 


EFFECT OF DEOXYGENATION ON THE VISCOSITY OF WHOLE BLOOD 
IN SICKLE-C DISEASE 
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VARIANTS OF SICKLE-CELL DISEASE 
EFFECT OF DEOXYGENATION ON THE PER CENT SICKLED CELLS 
IN SICKLE-THALASSEMIA DISEASE 
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Figure 3 


EFFECT OF DEOXYGENATION ON THE VISCOSITY OF WHOLE BLOOD 
IN SICKLE-THALASSEMIA DISEASE 
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Figure 4 
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Artificial mixtures of sickle cells with 
normal cells—inert with respect to sickling 
and viscosity changes—show upon complete 
deoxygenation a straight-line relationship 
between the number of sickle cells present 
in the mixture and the absolute viscosity. 
By the methods used here the absolute vis- 
cosity of normal blood or of blood from pa- 
tients with sickle-cell disease in the oxygen- 
ated form ranged from four to six times that 
of water. With complete deoxygenation 
the maximum absolute viscosities produced 
ranged from 9 to 16 times that of water and 
are comparable to the viscosity of poly- 
cythemic blood at a hematocrit value of 70% 
to 80%. 


Errect OF DEOXYGENATION ON ERYTHROCYTE 
MECHANICAL FRAGILITY 

The results of the studies on erythrocyte 
mechanical fragility are presented in Figure 
5. From the data from this and the previous 
study * it was observed that at an oxygen 
tension of 720 mm. Hg the mechanical fra- 
gility of blood from patients with sickle-cell 
anemia was slightly above normal. Blood 
from patients with sickle-cell anemia and 
sickle-cell-hemoglobin-C and_ sickle-cell-tha- 
lassemia diseases all showed significant eleva- 
tions of mechanical fragility at oxygen 
tensions at 50 mm. Hg and below. In contrast, 
blood from patients with sickle-cell trait did 
not exhibit any alteration in mechanical 
fragility until the oxygen tension had been 
reduced to 10 mm. Hg. At an oxygen tension 
of 0 mm. Hg the mechanical fragilities ranged 
from 37% to 61% and there were no con- 
sistent differences between the various dis- 
ease states. 

StupiEs 1N Case 10 

Studies of whole blood viscosity, sickling, 
and erythrocyte mechanical fragility were 
carried out on blood samples from Patient 10. 
The data for viscosity changes at reduced 
oxygen tensions are presented in Figure 6. 
The number of sickled cells increased in a 
similar curve, beginning at an oxygen tension 
of 30 mm. Hg. Erythrocyte mechanical fra- 
gility was not elevated above the normal 
until the oxygen tension was reduced to 
30 mm. Hg or lower. 
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COMMENT 


The interpretation and significance of the 

effects of deoxygenation upon extracellular 
and intracellular hemoglobin S (tactoid, gel 
formation, and sickling) and upon the inter- 
cellular relations (viscosity) as effecting the 
dynamics of blood flow and production of 
hematologic abnormalities have been dis- 
cussed in some detail previously.* From the 
data presented here and those outlined in 
Figure 7, a general correlation can be drawn 
between the intracellular concentration of 
hemoglobin S, the oxygen tension at which 
tactoids and gel formation occur in hemo- 
globin solutions, the oxygen tension at which 
intact cells sickle, and the severity of the 
anemia and symptoms associated with sickle- 
cell disease. The in vivo and in vitro effects of 
deoxygenation upon the red cell containing 
hemoglobin S seem to be directly related to 
the intracellular concentration of the hemo- 
globin S. For a hemoglobin S concentration 
of 90% to 100%, as observed in the erythro- 
cytes of clinically severe sickle-cell anemia, 
an oxygen tension as high as 60 mm. of 
mercury produces in vitro the biophysical 
changes of increased numbers of sickled cells, 
increased mechanical fragility, and increased 
whole blood viscosity. For hemoglobin S 
concentrations of 50% to 80%, as observed 
in clinically intermediate sickle-cell-hemo- 
globin-C and sickle-cell thalassemia diseases, 
a lower oxygen tension, 40 mm. of mercury, 
is required to produce comparable biophysical 
changes. Both of these oxygen tensions are 
known to be within the physiologic range. 
However, to produce the same biophysical 
changes for-hemoglobin S concentrations of 
24% to 45%, as observed in the clinically 
benign, nonanemic sickle-cell trait, the oxy- 
gen tension must be reduced below the usual 
physiologic level, to 10 mm. of mercury. 

In addition, the studies in Case 10, with 
30% fetal and 70% hemoglobin S, support 
the correlation between oxygen tension, 
hemoglobin S concentration, and symptoms. 
Biophysical alterations were produced in 
blood samples from the patient only when 
the oxygen tension was reduced to 30 mm. 
Hg. Sickling changes occurred only at a 
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tension lower than would be expected for 
the 70% hemoglobin S found on analysis. 
However, it has been shown by Singer and 
co-workers * that hemoglobin F does not 
enter into tactoid and gel formation as does 
hemoglobin A and therefore the amount of 
hemoglobin which can contribute to the red 
cell sickling is in effect significantly lower 
than indicated 


would be by hemoglobin 
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duce detectable increases in the number of 
sickled cells (Fig. 7). A comparison of 
Figure 5 with Figures 1 and 2 shows that 
the erythrocyte mechanical fragility in sickle- 
cell-hemoglobin-C and sickle-cell-thalassemia 
diseases is significantly elevated at oxygen 
tensions higher than are required to produce 
the first increase in number of intact sickled 


cells. These observations suggest that deoxy- 
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analysis. This patient had no history of 
symptoms referable to sickle-cell disease or 
anemia and probably had not been anemic 
prior to her terminal illness, a supposition 
supported by studies on her sister, who 
showed a similar hemoglobin composition, 
negative history, and no anemia. 

It was found that small tactoids were 
formed in hemoglobin solutions at oxygen 
tensions higher than those required to pro- 
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genation initiates in the red cells some altera- 
tion which is not immediately reflected in 
a gross detectable shape change but which 
does result in increased mechanical fragility. 
Conceivably, this change could be due to the 
intracellular formation of small tactoids which 
are not large enough to distort the external 


appearance of the cell but which are accom- 
panied by an increased susceptibility of the 
cell to disruption by mechanical trauma. 
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Sydenstricker, in 1924,‘* was apparently 
the first to propose that the increased rate 
of cell destruction seen in sickle-cell anemia 
was due to the sickling abnormality of the 
erythrocyte. He also believed that the hemol- 
ysis was brought about by a “hereditary 
defect of the spleen.” In 1927, Hahn and 
Gillespie ** discounted the role played by the 
spleen and clearly stated that “reasons exist 
for believing that the only specific cause for 
active sickle cell anemia is in the unique 
hereditary anomaly of the red corpuscles 
which predisposes to it.” .\t present the final 
critical evidence is not yet available to pro- 
vide a definitive answer to this question : Does 
the sickling phenomenon play a causative role 
in the decreased life span of the sickle cell? 
It has been argued that the augmented rate 
of cell destruction would proceed irrespective 
of the sickling change. In support of this 
it is pointed out that there is increased 
erythrocyte destruction in various of the 
other hemoglobinopathies when not associ- 
ated with the sickle anomaly (i. e., homozy- 
gous hemoglobin C). However, since the 
mode of red cell destruction in these hemo- 
lytic disorders is obscure, it would seem that 
this analogy is as impossible to maintain as 
to refute. 

Observations that have been taken as 
evidence against the sickling process being 
causally related to erythrocyte destruction are 
those of Reinhard and co-workers § and Tins- 
'S who have reported that 
the administration of high oxygen tensions in 
the inspired air to patients with sickle-cell 
anemia decreased the number of sickled cells 
in the peripheral blood but did not detectably 
decrease the rate of cell destruction. In these 
studies the venous saturation was increased 
to a maximum of 63% by the administration 
of oxygen. On the basis of the studies pre- 
sented here, this maximum oxygen saturation 


ley and associates, 


would still be within the range where con- 
tinuing biophysical alterations of the red cell 
would be expected, and, consequently, little 
or no decrease in the rate of hemolysis would 
be anticipated. Callender and co-workers ™ 


§ References 16 and 17. 


studied the survival of sickle-cell anemia 
erythrocytes transfused into normal recipients 
breathing high concentrations of oxygen. 
Equivocal results were obtained. However, 
in one recipient the rate of red cell destruction 
increased!’ when the oxygen was discon- 
tinued. These workers also transfused cells 
from a patient with sickle-cell trait into a 
chronically cyanotic recipient. These cells 
appeared to survive a normal length of time. 
Again on the basis of the finding reported 
here, the reduction in oxygen tension in the 
recipient was undoubtedly not sufficient to 
produce any alteration in sickle trait cells. 

The administration of dimercaprol U. S. P. 
(BAL; 2,3-dimercaptopropanol) has been 
reported to cause increased intravascular 
sickling without the development of symp- 
toms.|| Kuhns *° administered dimercaprol to 
a patient with presumed sickle-cell trait, and 
this did not cause an increase in intravascular 
sickling, although the in vitro susceptibility 
of the cells to sickling was increased. Suffi- 
cient data to evaluate these observations are 
not available. 

Studies during World War II showed no 
evidence of rejection or disability from sickle- 
cell trait among Negro flying personnel. 
Henderson and Thornell ** studied one sub- 
ject with sickle-cell anemia and four with 
sickle-cell trait under simulated flight con- 
ditions in a low-pressure chamber for a 
period of two hours. They found no increase 
in sickling in sickle trait, but in the subject 
with sickle-cell anemia the number of sickled 
cells increased from 8% in the control period 
to 15% at a simulated altitude of 16,000 feet. 
At that altitude the arterial oxygen satura- 
tion was 74%. This oxygen saturation is 
comparable to the in vitro studies presented 
here at an oxygen tension of 50 to 60 mm. of 
mercury, at which tension a sickle-cell count 
of 15% falls within the range obtained by 
us for sickle-cell anemia. In their short-term 
experiment Henderson and Thornell found 
no evidence of a change in red cell destruc- 
tion or production as determined by changes 


|| Thomas, L., and Stetson, C. A., Jr., cited by 
Smith.2* 
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in reticulocytes, icteric index, or urine uro- 
bilinogen. No adverse effects were noted. 


On the other hand, the hazards of reduced 
oxygen tensions to persons with sickle-cell 
disease are becoming more and more apparent 
in the recent reports of the development of 
splenic infarction during airplane flight. This 
complication has occurred in persons with 
sickle-cell anemia, in those with sickle-hemo- 
globin-C disease, and in persons with well 
documented sickle-cell trait.{ 

The pathogensis of the splenic infarcts is 
best explained in the light of present knowl- 
edge on the basis of vascular occlusive phe- 
nomenon secondary to the formation of sickle- 
cell thrombi. Studies by Dreyer and Budtz- 
Olsen ** have demonstrated that the half- 
dozen or so main branches of the splenic 
artery do not intercommunicate to any great 
extent. This may account for the predisposi- 
tion of the spleen to infarction in contrast to 
other organs presumably under a somewhat 
similar stress of lowered oxygen tension. 
Also, Weisman and co-workers 7° have shown 
that transfused sickle cells are trapped and 
concentrated within the normal splenic pulp. 
Therefore, even a slight increase in circulat- 
ing sickled cells could result in the accumula- 
tion of a larger number of sickle cells within 
the spleen. Peripheral blood studies would 
then not reflect the concentration of sickled 
cells within the spleen. Jandl and co-work- 
ers ** have demonstrated in one case concen- 
tration of sickled cells within the liver. 
However, infarction of the liver would be 
more unlikely because of its peculiar cir- 
culation. 


During airplane flight it is suggested that 
the following course of events takes place. 
The moderate reduction of oxygen tension of 
inspired air leads to a decrease in blood oxy- 
gen tension sufficient to initiate sickling. The 
sickled cells are concentrated within the 
splenic pulp. This leads to increased viscosity 
and slowing of the blood flow, further reduc- 
tion in oxygen tension, accumulation of COs, 
and lowering of the pH. This in turn would 
lead to further sickling, and the continuation 


9 References 22-24. 
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of this seli-perpetuating cycle would eventu- 
ally result in complete obstruction of blood 
flow and tissue infarction. This explanation 
seems quite satisfactory for patients with 
sickle-cell anemia and sickle-cell-hemoglobin- 
C disease. However, at present, no critical 
studies are available to demonstrate that the 
extreme reduction in oxygen tension neces- 
sary to initiate this course of events in sickle- 
cell trait can occur. However, the probable 
role of oxygen tension is supported by the 
observation of Smith and Conley ** that at 
relatively low altitudes (6000 feet) splenic 
infarction occurred in two patients with the 
more susceptible sickle-cell-hemoglobin-C 
disease, while the splenic infarctions in per- 
sons with sickle-cell trait had occurred after 
flights at higher altitudes. 

The severity of the anemia seen in any 
patient with sickle-cell disease is, of course, 
dependent upon the balance established be- 
tween erythrocyte destruction and production. 
Because of this balance, only incompletely 
evaluated at present, it seems evident that 
measurements concerning factors contributing 
to the rate of erythrocyte destruction could 
have only a general correlation with the 
degree of anemia and that individual case 
exceptions are to be expected because of 
variations in rate of production. In addition, 
factors other than the concentration of hemo- 
globin S have been shown to affect the 
sickling process: pH, bile salts, soaps, total 
hemoglobin concentrations, interaction be- 
tween various types of hemoglobin, and al- 
terations in sulfhydryl metabolism.# It has 
been possible to demonstrate that potassium 
is involved in the sickling phenomenon.* 

The observations presented here further 
extend the previously reported observations * 
and lend additional support to the hypothesis 
that the in vitro behavior of hemoglobin S 
and sickle cells at reduced oxygen tensions 
correlates with the severity of the clinical 
and hematological manifestations seen in the 
patient. 


# References 13, 28, and 29 and Kass, E. H., 
and others: Unpublished data. 

* Griggs, R. C., and Harris, J. W.: Unpublished 
data. 
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VARIANTS OF SICKLE-CELL DISEASE 


CONCLUSIONS 


The data presented here support the theory 
that (1) the sickling phenomenon plays a 
critical role in the pathogenesis of many of 
the symptoms seen in sickle-cell disease and 
in the shortened life span of sickle cells; 
(2) the severity of both the circulatory al- 
terations and anemia is related to the re- 
sponse of the sickle cell to changes in oxygen 
tension; (3) this response is mainly depend- 
ent upon the intracellular concentration of 
sickle hemoglobin. 

Dr. Benett Levine, Mt. Sinai Hospital, Cleve- 
land, gave permission to study Cases 7 and 9. 
Miss Grant and Mrs. Phyllis Fersky 
gave assistance. 
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For a number of years prior to the advent 
of widespread use of cardiac catheterization, 
the syndromes associated with pulmonary 
and right-to-left shunts through 
atrial and ventricular septal defects had been 
well described. In the past few years cardiac 
catheterization performed on a large number 
of patients has allowed recognition of the 
syndrome of pulmonary stenosis with left-to- 
right shunt. As expected from knowledge of 
the relative frequency of the various types 
of left-to-right shunts, the pulmonary stenosis 
is usually associated with atrial or ventricular 
septal defects or, less commonly, patent ductus 
arteriosus, anomalous pulmonary venous con- 
nection, or other rarer causes of left-to-right 
shunt. 


stenosis 


Abrahams and Wood? called attention to 
this syndrome in 1951 under the designation 
of pulmonary stenosis with normal aortic 
root. Since that time, one or two papers have 
appeared in the literature each year describ- 
ing a small number of such cases. In 1952 
G¢tzsche* described 3 cases among 201 
catheterized subjects, Deuchar and Zak * 
observed 4 cases among 130 patients, and 
sroadbent and co-workers * reported on 10 
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cases. In 1954 Moffitt and co-workers ° re- 
ported 6 cases; Magidson and associates," 
14 cases, and Rudolph and associates,’ 10 
cases. In 1955 Eldridge and Hultgren * re- 
ported 8 cases among 250 cardiac catheteri- 
zations and observed an additional 3 cases 
between the time of submission and the time 
of publication of their paper. We have per- 
formed heart catheterizations on nine such 
cases in the past one and one-half years and 
believe that the syndrome is probably much 
commoner than was previously realized. 

A number of authors have reported only 
noncyanotic cases or have implied that the 
syndrome should be restricted to cases of 
left-to-right shunt; however, in most of the 
reports by these observers the protocols 
revealed that at least a few patients in each 
series gave a history of cyanosis, showed a 
drop in arterial oxygen saturation with 
exercise or showed significant arterial oxygen 
unsaturation at the time of cardiac catheteri- 
zation. We feel that this exclusion is artificial, 
as the presence or absence of cyanosis in each 
case will depend upon the relative resistance- 
flow characteristics on the two sides of the 
circulation, anatomical or functional over- 
riding of the aorta, directed flow, etc. We 
believe that the only criteria for inclusion 
in this group are the presence of a left-to- 
right shunt with pulmonary stenosis and 
increased pulmonary blood flow, or at least 
a pulmonary flow which is greater than 
systemic flow. Our cases are somewhat dif- 
ferent from those previously reported in the 
literature in that they represent a younger age 
group, with a mean of 5.3 years, and in that 
there was a greater number of cases with 
cyanosis. This report presents six cases of 
ventricular septal defect with pulmonary 
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PULMONARY 


stenosis and three cases of atrial septal defect 
with pulmonary stenosis. All patients showed 
increased pulmonary blood flow and pulmo- 
nary flows greater than systemic flows. 


CLINICAL FINDINGS 


Table 1 summarizes the clinical data on 
these nine cases. The ages of the patients 
ranged from 4+ months to 25 years, and all 
but one of the patients were 10 years or 
younger. The 
variable from patient to patient. One patient 


symptoms were extremely 


was asymptomatic; another severely 
cyanotic and undernourished, had failed to 
grow properly, was dyspneic at rest, and had 
frequent respiratory infections. Between these 
extremes of symptoms, the remainder of the 
patients usually had mild to moderate dysp- 
nea with exertion. Two of the group had been 


cyanotic since birth; one of the patients had 
developed progressive cyanosis over the past 
few years, and two gave a past history of 
exertional or episodic cyanosis. Four gave 
a history of frequent respiratory infections. 

Physical examination mild to 
moderate cardiac enlargement in five cases. 
Left thoracic bulge or precordial heave were 
present in five patients. A systolic murmur 
of Grade 2 to 3 intensity (on the basis of 4), 
in the area about the second or 


revealed 


maximal 
third leit intercostal spaces at the left sternal 
border, was present in all cases. In the cases 
of ventricular septal defect the murmur was 
maximal at the third left intercostal space 
or slightly below this area in all cases. It 
was associated with an additional systolic 
murmur and thrill in the pulmonary area 
in one and with a systolic thrill in the third 


Fig. 1—Some representative chest roentgenograms. A (Case 8), infundibular stenosis with 
atrial septal defect. The projection is slightly oblique, to show the character of the hilar vessels. 
Although the hilar vessels are small, they were observed fluoroscopically to pulsate prominently. 
B (Case 1), infundibular stenosis with membranous septal defect. The hilar vascular shadows 


were increased and pulsated prominently. C 


(Case 2), ventricular septal defect with valvular 


pulmonary stenosis. ) (Case 4), ventricular septal defect with mild valvular and infundibular 
pulmonic stenosis. E (Case 7), valvular pulmonic stenosis with atrial septal defect. F (Case 3), 
ventricular septal defect with mild infundibular stenosis. 
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left intercostal space in another. In only one 
of the cases of ventricular septal defect and 
pulmonary stenosis was it possible to separate 
phonocardiographically a “diamond-shaped” 
systolic murmur in the plmonary area from a 
“plateau” systolic murmur lower to the left of 
the sternum, although in five cases the systolic 
murmur was heard well in the pulmonary 
area and transmitted well to the intraclavic- 
ular area. In all the cases of atrial septal 
defect with pulmonary stenosis the murmur 
was maximal in the second left intercostal 
space. In two of the cases the murmur was 
characteristic of pulmonic stenosis and 
associated with a thrill and Gecreased single 
pulmonary second sound. In the third pa- 
tient the systolic murmur was considered 
characteristic of atrial septal defect, with 
somewhat increased, but single, pulmonary 
second sound. An early diastolic murmur 
maximal in the pulmonary area was present 
in two of the cases of ventricular septal 
defect and in all three of the cases of atrial 
septal defect. In addition, one of the cases 
of atrial septal defect showed an apical mid- 
diastolic murmur. 

The electrocardiogram showed right ven- 
tricular hypertrophy of the “concentric” type 
(Grade I to III) in seven of the cases. In 
one case of ventricular septal defect and 
pulmonary stenosis the electrocardiogram 
showed complete right bundle branch block, 
and in another, a normal infantile pattern. 
High P waves were present in three of the 
electrocardiograms. None of the tracings 
showed the incomplete right bundle branch 
block pattern considered more characteristic 
of the “diastolic overloaded” ventricle. Flu- 
oroscopy of the heart was carried out on all 
the cases by the same observers who per- 
formed the physical examination and cardiac 
catheterization. The size of the heart by 
fluoroscopy varied from normal to Grade III 
hypertrophy. The hypertrophy was _ con- 
sidered right ventricular in five cases and 
general in two. Of the four cases of pure 
infundibular stenosis, three showed concavity 
of the infundibulum and one showed a normal 
infundibulum and pulmonary artery segment. 
In one patient with both valvular and in- 
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TABLE 2.—Catheteri 
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Fig. 2.—Some representative pressure tracings from the right ventricle and pulmonary artery. 


A (Case 3), ventricular septal defect with mild infundibular stenosis. B (Case 4), ventricular 
septal defect with pressure gradient in the outflow tract and across the pulmonary valve. C 
(Case 7), atrial septal defect with valvular pulmonic stenosis. D (Case 2), ventricular septal 
defect with mild valvular stenosis. E (Case 5), ventricular septal defect with mild pulmonary 


valvular stenosis. 


fundibular stenosis the pulmonary trunk was 
dilated. In those cases with valvular stenosis 
the pulmonary trunk was dilated and pul- 
sated prominently in three and was consid- 
ered normal for the age of the patient in one. 
The pulmonary vascular shadows were of 
increased size in six cases, normal in two, 
and diminished in one. However, in all cases 
an increase in hilar vascular pulsation (from 
Grade I to Grade Il) was noted. Figure 1 
shows some representative chest roentgeno- 
grams from this group of cases. 

Venous dye-dilution curves were per- 
formed on five patients and in each case 
showed evidence of left-to-right shunt ; three 


of these showed additional evidence of slight 
right-to-left shunt. Oximetric records in two 
of the cases (Cases 2 and 8) showed marked 
respiratory variation in arterial oxygen 
saturation. 
The exact anatomical diagnosis was not 
made in any of these cases prior to catheteri- 
zation, though in three of the cases the 
diagnosis of pulmonary stenosis with left-to- 
right shunt was suggested prior to catheteri- 
zation. 
CATHETERIZATION FINDINGS 


Catheterization was carried out by stand- 
ard techniques under basal tribromoethanol 
(Avertin) anesthesia in the infants and 
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small children, at times supplemented by 
nitrous oxide-oxygen mixtures. In addition, 
a cuvette oximeter was used for rapid multi- 
ple or continuous catheter sampling with 
reinfusion of the blood in small children. 
Table 2 summarizes the catheterization data 
in these cases. The septal defect was entered 
by the catheter in four of the cases, and in 
the remaining cases the degree of arteriali- 
zation of the venous blood was verified by 
repeated sampling of the areas in question. 
The shunt volume varied from 33% to 80% 
of the total pulmonary flow. In the cases of 
ventricular septal defect the average left-to- 
right shunt was equal to 57% of the total 
pulmonary flow, and in the cases of atrial 
septal defect, 44%. In all cases the pulmo- 
nary flow index was greater than normal 
and the pulmonary flow was greater than 
systemic flow. In two cases of ventricular 
septal defect and in one case of atrial septal 
defect there was definite right-to-left shunt, 
ranging from 28% to 56% of the systemic 
flow, and in two additional cases of ventricu- 
lar septal defect there was probably a slight 
right-to-left shunt. In two of the cases of 
ventricular septal defect with right-to-left 
shunt over-riding of the aorta was probably 
present, since in both cases the right ventricu- 
lar systolic pressures were considerably below 
systemic. In one of these cases the catheter 
passed easily into the aorta from the right 
ventricle and into a right-sided aortic arch. 
In two of the cases of ventricular septal 
defect the arterialization took place through 
a membranous septal defect into a low-pres- 
sure “infundibular chamber” distal to an 
area of infundibular stenosis. 

The pulmonary stenosis was valvular in 
four cases, infundibular in four cases, and 
combined valvular and infundibular in one. 
Figure 2 shows some representative right 
ventricular and pulmonary artery pressure 
tracings. There was considerable variation 
in right ventricular systolic pressures and in 
right ventricular-pulmonary artery gradients. 
The mean gradient was 50 mm. Hg, with 
a range of 20 to 93 mm. Hg. The estimated 
pulmonary valve resistance was mild to 
moderate in most cases. In two of the cases 
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of ventricular septal defect with pulmonary 
stenosis, pulmonary vascular resistance was 


also considerably increased. 


COM MENT 


The Clinical Syndrome.—Although in 
most of the cases of this syndrome reported 
in the literature and in our own cases the 
correct clinical diagnosis was not made prior 
to catheterization, it would appear that in- 
creased clinical awareness of this syndrome 
will result in a proper clinical diagnosis in 
most cases. Most observers have described 
these cases as having mild or no symptoms. 
Cyanosis was uncommon in the cases reported 
in the literature, although mild arterial oxy- 
gen unsaturation was present in a number 
at rest or after exercise. Our series demon- 
strates that the syndrome may be associated 
with any degree of cyanosis and in some 
cases with considerable disability. 


It would be expected that if significant 
left-to-right shunt occurred in the presence 
of pulmonary stenosis the characteristic 
“diamond-shaped” harsh systolic murmur of 
pulmonary stenosis would tend to be exag- 
gerated. Indeed, it is likely that the systolic 
murmur of atrial septal defect results largely 
from the high flow across the pulmonary 
valve. This is supported by the frequent 
finding of a thrill over the pulmonary artery 
at the time of surgical closure of atrial septal 
defects. In the case of ventricular septal 
likely that the murmur 
results predominantly from flow with high 
pressure gradient across the defect, though 
some contribution to the murmur may arise 
from the high flow across the pulmonary 
valve. The diastolic murmur associated with 
atrial and ventricular septal defects is often 
present in this syndrome and may be helpful 
in its delineation, as diastolic murmurs are 
extremely rare in isolated pulmonary stesosis 


defect it is more 


or in the tetralogy of Fallot. The early dia- 
stolic murmur, usually maximal in the second 
left interspace, is presumed to result from 
relative insufficiency of the pulmonary valve. 
A middiastolic murmur of lower pitch at the 
apex or lower left sternal border is presumed 
to result from the high flow across the mitral 
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or tricuspid valve in atrial or ventricular 
defects. The pulmonic second sound, usu- 
ally increased in both atrial and ventricular 
septal defects and characteristically more 
widely split in the former, is usually di- 
minished and single or absent in pulmonic 
stenosis. 

What physical signs will predominate in 
any case will usually depend upon the rela- 
tive dynamic importance of the two lesions. 
Rudolph and co-workers’ have described 
the murmurs which they consider characteris- 
tic of pulmonary stenosis with left-to-right 
shunts. These findings were present in all 
but 1 of their 10 cases. In atrial septal de- 
fect with pulmonary stenosis, they describe 
a thrill at the second left intercostal space, 
a split but diminshed Ps, a rough systolic 
murmur at the second left intercostal space, 
and a middiastolic murmur at the apex. In 
ventricular septal defect with pulmonary 
stenosis, they describe a thrill at the third 
and fourth left intercostal spaces, decreased 
Ps, a rough systolic murmur at the second 
to fourth intercostal spaces, and a middiastolic 
murmur at the apex. The reported high inci- 
dence of the apical middiastolic murmur was 
not borne out by any of the other series in the 
literature, and this murmur was found in only 
one of our cases. However, we have found 
the early diastolic murmur at the left sternal 
border in all of our cases of atrial septal 
defect with pulmonary stenosis and in two 
of the cases of ventricular septal defect with 
pulmonary stenosis. The pulmonic second 
sound in our cases was of normal or increased 
intensity in all but one and single in all but 
one. A murmur considered characteristic of 
pulmonic stenosis was present in four. 

The electrocardiograms in our cases 
showed “concentric” type of right ventricular 
hypertrophy in all but two of the cases. Most 
of the cases in the literature have shown 
the incomplete right bundle branch block 
pattern, less often the “concentric” type of 
right ventricular hypertrophy. 

We feel that fluoroscopy of the heart is 
one of the most useful indices of the presence 
and degree of left-to-right shunt in these 
cases. In pure pulmonary stenosis of the 


valvular type it is usual to observe a dilated 
dynamic pulmonary trunk shadow with the 
pulsation often extending into the left pul- 
monary artery branches but always associated 
with quiet right hilar shadows. In all of our 
cases increased pulsation of the hilar vessels 
was noted. In the cases with marked in- 
fundibular stenosis there was concavity of 
the infundibular rgeion with pulsatile hilar 
shadows ; we consider such a finding strongly 
suggestive of this disorder when seen in a 
noncyanotic person; among cvanotic con- 
genital heart lesions there are several other 
malformations which may cause such find- 
ings. 

Physiologic Considerations. — The cathe- 
terization data in our cases are similar to 
those reported in the literature on this syn- 
drome. The pulmonary valve resistance was 
mild to moderate, and the volume of left- 
to-right shunt was usually moderate but at 
times was marked. In those cases with large 
left-to-right shunt the pulmonary valve resis- 
tance was only slightly increased. Two cases 
of ventricular septal defect with pulmonary 
stenosis showing significant venoarterial 
shunts had probable overriding of the aorta, 
as the resistance on the two sides of the 
circulation strongly favored a pure arterio- 
venous shunt. In two additional cases show- 
ing slight arterial oxygen unsaturation the 
right ventricular systolic pressure was ap- 
proximately equal to the pressure in the 
systemic circuit. In the one case of atrial 
septal defect and pulmonary stenosis with 
moderate right-to-left shunt the pressure 
gradients in the two atria were such as to 
favor a left-to-right shunt slightly, but they 
were actually about equal during much of the 
cardiac cycle. The dynamics of both septal 
defects and pulmonic stenosis have been ex- 
tensively discussed in the literature. 

The dynamic significance of left-to-right 
shunts combined with pumonary stenosis 
has important practical implications in the 
consideration of cardiac surgery for such 
cases. It is apparent that closure of the septal 
defect will do much to decrease the systolic 
pressure and work load of the right ven- 
tricle, since the flow across the valve is related 
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to the square root of the pressure gradient. 
Prediction of the effect of opening the steno- 
tic pulmonary valve on the degree of left- 
to-right shunt is not so simple. If the defect 
is large enough to offer essentially no resis- 
tance to flow, the flow will be determined 
by the relative resistance offered to flow on 
the two sides of the circulation, and decrease 
in the valve resistance would increase the 
degree of left-to-right shunt. However, in 
many of the cases it seems that the defect 
does offer resistance to flow and may be the 
limiting factor in determining the shunt 
voiume. 

Four of the patients reported in the litera- 
ture were subjected to valvotomy; two 
showed improvement,* and two showed little 
change.* One of our patients (Case 7) had 
a pulmonary valvotomy performed elsewhere. 
There was a fall in right ventricular pressure 
and apparent clinical improvement, though 
we have had no opportunity to restudy the 
patient. One patient reported by Eldridge * 
had closure of an atrial septal defect with 
considerable improvement. 

Lastly, it should be noted that some of the 
cases with large shunts and small right ven- 
tricular-pulmonary artery gradients probably 
represent relative pulmonary stenosis. As 
yet, we know of no absolute way of dis- 
tinguishing the catheterization findings in 
such circumstances from those of mild or- 
ganic pulmonic stenosis. 


SUMMARY 


Clinical and catheterization studies have 
been described in nine cases of pulmonary 
stenosis with increased pulmonary blood 
flow. There were six cases of ventricular 
septal defect with pulmonary stenosis and 
three cases of atrial septal defect with pul- 
monary stenosis; there were both valvular 
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and infundibular stenoses. The clinical recog- 
nition and some of the dynamic implications 
of the syndrome are discussed. 
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with the patients listed according to the level 
of sulfobromophthalein retention. Serial re- 
sults in five patients are shown in Table 4. 


Taste 1—Good Gall-Bladder Visualization 


Sulfo- 


\ nit bromo- Serum 
phthalein Bilirubin, 
(jall-bladder visualization by the oral route 
se To osis 
depends on an adequate blood level of dye 1 2 0.38 0.58 — Papilloma of gall 
‘ ‘ é bladder 
following its absorption, its removal and 5 
excretion by the liver, and its entrance into 4 5 0.19 0.96 + Cholelithiasis 
A 4 7 0.19 0.77 Cholelithiasis, 
and concentration by the gall bladder. It is hepatomegaly 
has been frequently stated that cholecys- — 
tography is contraindicated in liver disease 7 9 0.77 1.77 — ‘Toxie hepatitis 
with jaundice, for one cannot determine 
9 10 0.38 2.50 Infectious hepatitis 
whether the failure of visualization is due 10 10 Neg. 0.68 Hematemesis, cause ? 
to liver or to gall-bladder disease. This study, 
12 14 0.77 2.30 Infectious hepatitis 
which correlates the serum bilirubin level, 13 4 0.14 1.10 Chronie myelogenous 
kemi 
the retention of sulfobromophthalein (Brom- _,, 
sulphalein) dye, and gall-bladder visualiza- wihreseonennes 
15 17 0.18 1.20 Bronchopneumonia, 
tion in 40 patients with varying degrees of hepatomegaly 
liver disease is an i o clarify 16 19 0.87 2.12 Infectious hepatitis 
. : attempt t clarify the 17 19 0.28 1,38 Subacute infectious 
problem. hepatitis 
18 22 0.19 0.96 Portal cirrhosis 
PROCEDURE 19 23 0.25 0.52 Portal cirrhosis 
Forty patients with varying degrees of impaired 
21 25 1.89 2.60 Infectious hepatitis 
aver function were selected tor study. ests oO 29 25 0.71 2.60 Infectious hepatitis 
liver function and oral cholecystography were per- 28 %6 0.20 1.08 Acute intermittent 
formed the same morning. Six tablets of iopanoic porphyria 
acid U. S. P. (Telepaque) were given the preced- nucleosis 
ing evening. The sulfobromophthalein method con- 25 36 2.30 5.20 Infectious hepatitis 
sisted of the intravenous administration of 5 mg. of 26 i 2.71 7.14 


dye per kilogram, with removal of the blood speci- 
men in 45 minutes. When the gall-bladder did not 
visualize, the determination was usually repeated 
within one week with use of 12 tablets of iopanoic 
acid. Occasionally 12 tablets of dye were given the 
first time. The gall-bladder filling was classified as 
good, poor, or none. 


RESULTS 
The results in terms of gall bladder vis- 
ualization are presented in Tables 1 to 3, 


Submitted for publication Sept. 13, 1955. 


Medical Department, 3345 U.S.A.F. Hospital, 
Chanute Air Force Base, III. 


Double dose of dye. 


Taste 2.—Poor Gall-Bladder Visualization 


Infectious hepatitis 


Sulfo- 
bromo- Serum 
phthalein Bilirubin, 
Reten- Mg./100 MI. 
tion, 
‘ase % Direct Total 
1 21 0.10 0.38 
2 27 1.70 4.20 
3 29 * 1.10 3.00 
4 35 0.77 2.87 
) 43 * 1.40 2.50 
6 48* 4.60 13.6 
7 58 Sane 11.0 
8 5d 1.60 4.40 


* Double dose of dye. 


Diagnosis 
Infeetious mono- 
nucleosisis 
Infectious hepatitis 
Infectious hepatitis 
Chronic hepatitis 
Chronic hepatitis 
Chlorpromazine 
hepatitis 
Infectious hepatitis 
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TasLe 3.—No Gall-Bladder Visualization 


A. M.A. 


Sulfo- 
bromo- Serum 
phthalein Bilirubin, 
Reten- Mg./100 M1. 
tion, 
Case % Direct Total Diagnosis 
18* 0.96 2.50 Cholelithiasis 
22 0.08 0.77 Hodgkin’s disease, ? 
cholelithiasis 
38 * 5.00 13.30 Infectious hepatitis 
41* 1.99 2.70 Disseminated lupus 
erythematosus 
46 4.40 6.90 Cholelithiasis 


* Double dose of dye. 


TABLE 4.—Serial Studies 


Sulfe- 


bromo- Serum 

phthalein Bilirubin, Gall- 
Reten- Mg./100 MI. Bladder 
tion, Visual- 
% Direct Total Diagnosis ization 

38 * 5.00 13.30 Infeetious hepatitis None 
36 2.30 Good 
47* 2.71 7.14 Infectious hepatitis Good 

48 * 4.60 13.60 Chlorpromazine Poor 

hepatitis 

55 1.60 4.40 Infectious hepatitis Poor 

20 0.84 Good 

46 4.40 6.90 Cholelithiasis None 


* Double dose of dye. 


There was good gall-bladder visualization 
in 26 of the 40 patients. The maximum 
sulfobromophthalein retention, 47%, and the 
highest serum bilirubin value, 7.14 mg. per 
100 ml., occurred in a patient with acute 
hepatitis who had received a double dose of 
dye. Serial studies in this case (Table 4) 
showed poor visualization with a single dose 
of dye when the serum bilirubin was 3.51 
mg. per 100 ml. and the sulfobromophthalein 
retention was 25%. In the following week, 
when the total serum bilirubin was 2.19 mg. 
and the sulfobromophthalein retention was 
12%, there was good visualization with a 
single dose of dye. The gall-bladder was 
well visualized in nine patients whose sulfo- 
bromophthalein retention was over 20%. 

There were eight patients in whom there 
was poor gall-bladder visualization. Still, 
visualization was sufficiently adequate to rule 
out the presence of cholelithiasis. Three pa- 
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tients received a double dose of dye. The sul- 
fobromophthalein retentions in all instances 
were above 20%. The serum bilirubin value 
tended to be higher than in the well-visualized 
group, but it was normal in one instance. 
Repeat studies (Table 4) in two patients 
revealed good visualization as the serum 
bilirubin and sulfobromophthalein levels were 
returning toward normal values. 

There was no gall-bladder visualization 
in five patients. Repeated studies on five 
occasions were performed in the patient with 
disseminated lupus erythematosus (Table 4), 
and there was no visualization each time. 
Serial studies in one patient with infectious 
hepatitis (Table 4) showed good visualiza- 
tion when the sulfobromophthalein level fell 
from 38% to 36% and the total serum 
bilirubin level fell from 13.30 to 5.20 mg. 
per 100 mi. Two patients had proved chole- 
lithiasis, whereas in one the history was sug- 
gestive of this diagnosis. Studies were per- 
formed in four consecutive weeks for one 
patient whose admission diagnosis was in- 
fectious hepatitis (Table 4). Despite varia- 
tions in the sulfobromophthalein retention 
from 9% to 46% and in the total serum 
bilirubin from 1.70 to 6.90 mg. per 100 ml., 
there was no gall-bladder visualization. At 
operation cholelithiasis and choledocholithia- 
sis were found. 

The sulfobromophthalein retention cor- 
related more closely with the degree of gall- 
bladder visualization than did the serum 
bilirubin level. 

Previously unsuspected cholelithiasis was 
found in four patients and was the cause of 
the jaundice in two of them. 

There were no serious or unusual side- 
effects from either the gall-bladder or the 
sulfobromophthalein dye. 


COMMENT 


Since the introduction of oral cholecys- 
tography in 1924," seven publications * have 
dealt with either gall-bladder visualization 
in liver disease or its use in differentiating 
intrahepatic from extrahepatic causes of 
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jaundice. The relationship between sulfo- 
bromophthalein retention and_gall-bladder 
visualization in these articles is presented in 
Table 5. 

Rudisill in 19307 was the first to report 
on gall-bladder visualization in jaundiced 
patients. He described good gall-bladder 
visualization in seven of eight cases with 
hepatitis. The gall-bladder was visualized 
well in one jaundiced patient with chole- 
lithiasis and did not visualize in another 
with carcinoma of the common bile duct. 
Serum bilirubin and sulfobromophthalein 


TaBLe 5.—Relationship Between Sulfobromophthalein Retention and Gall-Bladder Visualization 


DISEASE 


bromophthalein retentions and whose gall 
bladders did not visualize. The authors con- 
cluded that a nonvisualized gall bladder in 
a patient with sulfobromophthalein retention 
below 25% indicated gall-bladder disease, 
whereas with retentions this level 
liver disease might be the cause of the non- 
visualization. Foley in 19334 discussed a 
jaundiced patient who was first thought to 
have extrahepatic disease but in whom the 
diagnosis was changed to intrahepatic dis- 


above 


ease when his gall bladder visualized well. 
Without giving laboratory data, he described 


Patients, 
Author No. Diagnosis 
Blomstrom & Sandstrom (1982). . 37 Hepatitis 
24 Cholelithiasis 
and earci- 
noma of 
gall bladder 
Foley (1933). 16 ‘“*Medical” 
jaundice 
13 “Surgical” 
jaundice 
hepatitis 
Jarvinen & Paltia (1952).......... 19 Hepatitis 
19 Portal cir- 
rhosis 
Cuniff (1953)..... 50 Portal cir- 
rhosis 
Etess & Straus (1953)............ 35 Cirrhosis 


hepatitis, 
miscellane- 
ous liver 
disease 


* Complete data not given. 


levels were not included in this publication. 
Blomstrom and Sandstrom in 1932* per- 
formed cholecystography and sulfobromoph- 
thalein studies in 68 patients with liver 
disease. The dose of sulfobromophthalein 
dye was 2 mg. per kilogram, and the blood 
sample was withdrawn in 30 minutes. Of 
the 37 patients with hepatitis, 19 of 20 with 
sulfobromophthalein retention above 40% 
had poor or no gall-bladder visualization. 
Seventeen patients with sulfobromophthalein 
retentions below 30% had good gall-bladder 
visualization. There were 11 patients with 
cholecystitis, cholelithiasis, or carcinoma of 
the gall bladder who had normal sulfo- 


Gall-Bladder 
Visualization 


Sulfobromophthalein 
Retention, % Good Poor None 
7 1 
Above 30 1 6 13 
Below 30 17 0 0 
Above 40 0 0 13 
Normal 0 0 11 
3 
0 13 
(A) Below 30 in 30 pts. (A) (B) (C) 
(B) Above 30 31 3 9 
(C) Above 30 in 7 pts. 
* 15 3 1 
> 0 6 13 
7 (D) (E) (F) (D) (E) (F) 
0-20: 7 11 6 pts. 4 20 16 
1-30: 2 3 «4 pts. 
Above 30: 1 1 4 pts. 
(G) Below 20 (G) (H) (1) 
(H) 20-23 23 5 
(1) Above 23 


16 patients with “medical” jaundice in whom 
there was good gall-bladder visualization in 
8, poor in 3, and none in 5 patients. There 
was no gall-bladder visualization in 13 
patients who had “surgical” jaundice. Read- 
inger and co-workers in 1950° determined 
the incidence of gall-bladder visualization 
in 43 patients with viral hepatitis. There 
was good visualization in 31 patients, poor 
in 3, and none in 9. A double dose of dye 
was used in 10 patients. The sulfobromoph- 
thalein was above 30% in one of the well- 
visualized cases, in all of the poorly vis- 
ualized cases, and in seven of the non- 
visualized cases. There was good gall-bladder 
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visualization in 29 of the 32 patients whose 
sulfobromophthalein 
30%. Eight of the nine patients whose gall 
bladders did not visualize on the first exam- 
ination showed good visualization as the 


retention was below 


severity of their disease decreased. There 
was good gall-bladder visualization in 33 
of 36 patients whose total serum bilirubin 
was below 11 mg. per 100 ml. and in 1 
patient whose serum bilirubin was above this 
level. The authors advised the use of a double 
dose of dye when the serum bilirubin was 
over 5 mg. per 100 ml. or the sulfobromoph- 
thalein retention greater than 15%. Jarvinen 
and Paltia in 1952° attempted to differen- 
tiate portal cirrhosis from acute and sub- 
acute hepatitis by cholecystography. The 
patients had only slight serum bilirubin ele- 
vations. In 19 patients with hepatitis there 
were 15 instances of good, 3 of poor, and 
1 of no gall-bladder visualization. In 19 
patients with cirrhosis there was poor vis- 
ualization in 6 patients and none in 13. The 
authors felt that in the presence of mild 
jaundice of intrahepatic disease a nonvis- 
ualized gallbladder would suggest cirrhosis 
rather than hepatitis. Cuniff and co-workers 
in 1953* performed cholecystography in 50 
cirrhotic patients who were not jaundiced. 
There was good gall-bladder visualization 
in 14 patients, poor in 20, and none in 16. 
The gall bladder was well visualized in 1 of 
the 12 patients with ascites. Unsuspected 
cholethiasis was found in nine subjects. The 
visualization could be correlated with the 
clinical status of the patient and the degree 
of sulfobromophthalein retention. The gall 
bladder was visualized in one of eight patients 
whose bromsulphalein retention was over 
30%. The patients whose total serum bili- 
rubin was above 3 mg. per 100 ml. rarely had 
good gall-bladder visualization. As the pa- 
tient’s clinical status improved, the incidence 
of gall-bladder visualization increased. Etess 
and Straus in 1953 * correlated gall-bladder 
visualization with sulfobromophthalein re- 
tention in nonjaundiced patients with liver 
disease. The gall-bladder visualized well in 
23 patients whose sulfobromophthalein re- 
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tention was below 20%, poorly in 5 patients 
whose sulfobromophthalein retention was 
between 20% and 23%, and not at all in 7 
patients whose sulfobromophthalein reten- 
tion was above 23%. They described two 
patients whose gall bladders visualized well 
when their sulfobromophthalein retentions 
were below 20% and did not visualize when 
their sulfobromophthalein retentions rose 
to between 28% and 30%. They concluded 
that gall-bladder disease was the likely cause 
for a nonvisualized gall bladder in a patient 
whose sulfobromophthalein retention was 
below 20%. 

The results described in the seven articles 
generally agree with those of the present 
study and are summarized as follows: 

1. Cholecystography does not result in 
adverse side-effects in the patient with liver 
disease. 2. The serum bilirubin level and 
the degree of sulfobromophthalein retention 
are the liver-function tests which can be best 
correlated with gall-bladder visualization. 
3. The gall bladder should visualize in hepa- 
titis of any cause when the sulfobromoph- 
thalein retention is below 20% and the serum 
bilirubin is below 5 mg. per 100 ml. Vis- 
ualization may occur with serum bilirubin 
levels up to 11 mg. per 100 ml. and sulfo- 
bromophthalein retentions up to 30%. 4. 
Gall-bladder visualization in portal cirrhosis 
can be correlated with the sulfobromophtha- 
lein retention as in patients with acute hepa- 
titis. A serum bilirubin level above 5 mg. 
per 100 ml., a level lower than in many pa- 
tients with hepatitis, usually means that the 
gall bladder will not be visualized. 5. Serial 
studies and a double dose of dye are recom- 
mended when the gall bladder does not 
visualize. If the gall bladder still does not 
visualize as the tests of liver function fall, 
gall-bladder disease must be suspected. A 
double dose of dye is recommended in the 
presence of marked jaundice. 6. It is gen- 
erally the degree and not the type of liver 
abnormality which is important in deter- 
mining whether the gall bladder will or will 
not visualize. Sulfobromophthalein retention 
below 20% and serum bilirubin levels below 
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5 mg. per 100 ml. should not interfere with 
gall-bladder visualization, while values above 
this level may or may not interfere. 

We have had no experience with the intra- 
venous administration of gall-bladder dye, 
but it is probable that this would give an 
even greater incidence of visualization in the 
patient with liver disease. 


SUMMARY AND CONCLUSIONS 


This study correlates the serum bilirubin 
level, the retention of sulfobromophthalein 
(Bromosulphalein) dye, gall-bladder 
visualization in 40 patients with hepatic dis- 
ease. The literature on this topic is reviewed 
and summarized. 

The presence of liver disease with jaun- 
dice is not a contraindication to cholecys- 
tography. 

It is the degree and not the type of hepatic 
disease which determines whether the liver 
can extract the dye from the blood stream 
and transfer it to the biliary tract. 

Though rigid rules cannot be established, 
a sulfobromophthalein retention below 20% 
and a total serum bilirubin value lower than 
5 mg. per 100 ml. should not interfere with 
gall-bladder visualization. Sulfobromophtha- 
lein levels from 20% to 30% and serum 
bilirubin values from 5 to 10 mg. per 100 ml. 
may or may not interfere with gall-bladder 
visualization. Values above these levels usu- 
ally interfere with good gall-bladder filling. 

Serial studies with a double dose of dye 
are recommended when the gall bladder does 
not visualize. If visualization does not occur 


DISEASE 


as the liver-function tests return toward nor- 
mal, the likely cause is extrahepatic disease. 
The failure of gall-bladder visualization in 
mild or moderate hepatic disease suggests 
an extrahepatic cause for nonvisualization. 
Used in this fashion, oral cholecystography 
may be helpful in differentiating extrahepatic 
from intrahepatic causes of jaundice. 
Unsuspected cholelithiasis may be found 
as the cause for or concomitantly with the 
liver disease if cholecystography is performed 
more frequently in the jaundiced patient. 
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Treatment in Internal Medicine 


THE TREATMENT OF CIRRHOSIS OF THE LIVER 


EDGAR S. GORDON, M.D., Madison, Wis. 


IRRHOSIS of the liver represents a 
chronic disease caused by serious pa- 
renchymal damage to the liver, usually of 
long-continued or repetitive type, in which 
malnutrition is usually regarded as an im- 
portant accompanying and predisposing eti- 
ological factor. Because of its vital and widely 
diversified metabolic functions, the liver is 
commonly exposed to a variety of damaging 
agents in the form of toxic chemicals, infec- 
tions, circulatory disturbances, and systemic 
metabolic abnormalities, but the nutritional 
state of the organism is believed to act as 
a basic underlying factor which is capable 
of conditioning susceptibility or resistance 
to cellular injury. The specificity of essential 
nutrients in the defense against liver damage 
is poorly defined except for the high protec- 
tive function of protein of excellent biological 
value and, possibly, for the “methyl donor 
compounds” choline and methionine, both of 
which are present in normally adequate 
amounts in a well-balanced protein ration. 
Many classifications of hepatic cirrhosis 
have been proposed in the past, most of which 
are acceptable for general clinical orientation. 
The major forms which constitute, quantita- 
tively, the most important therapeutic prob- 
lems in the United States are the following: 
(1) Laennec’s, or portal, cirrhosis ; (2) post- 
necrotic cirrhosis, and (3) biliary or obstruc- 
tive cirrhosis. Much rarer in incidence in this 
country are (4) parasitic cirrhosis, (5) pig- 
mentary cirrhosis, and (6) hepatolenticular 
degeneration; (7) cardiac or congestive cir- 
rhosis and (8) syphilitic cirrhosis are special 
forms which depend upon the presence of 
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coexisting disease, and the management of 
these depends, to a large extent, upon suc- 
cessful treatment of the underlying condi- 
tions. Special mention should be made, in 
passing, of the tropical form of malignant 
malnutrition known as kwashiorkor, which 
is indigenous to certain areas of Africa. It 
is characterized by serious and even fatal 
liver damage with cirrhosis and is due to the 
use of poor diets which are strikingly de- 
ficient in protein of high nutritional value. 
In many ways, certain basic principles under- 
lie the therapeutic approach to all types of 
liver-cell injury, and this summary will, 
therefore, deal primarily with the commonest 
of these diseases, portal, or Taennec’s, 
cirrhosis. 


BASIC PRINCIPLES UNDERLYING THERAPY 
Laennec’s cirrhosis, in the past, has often 
been designated as “alcoholic cirrhosis” be- 
cause of the frequent, but by no means 
invariable, association of the disease with 
chronic alcoholism. During the past 18 years 
a multidisciplinary attack on the problems 
of hepatic metabolism has resulted in an 
accumulation of impressive evidence, both 
experimental and clinical, which, in general, 
relegates alcohol to a secondary position as 
an etiological factor, subordinate to malnutri- 
tion, especially in regard to good quality 
protein and a number of vitamins and related 
nutrients. There remains, however, 
evidence and opinion to suggest that the toxic 


some 


action of ethyl alcohol may be important in 
the production of liver damage.!. From the 
practical standpoint at present, therefore, in 
addition to the prohibition of alcoholic bev- 
the major therapeutic effort is 
directed toward the reestablishment of an 
optimal state of nutrition. 


erages, 


The modern era of treatment was ushered 
in by the important report of Patek in 1937 ? 
and by his subsequent paper four years later ° 
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describing striking improvement in cirrhotic 
patients from the use of a nutritious diet 
which contained generous amounts of protein 
and carbohydrate and moderate amounts of 
fat, supplemented with crude preparations 
of the vitamin-B complex. This work rep- 
resented the application to liver disease of 
a large volume of earlier clinical work * 
which had clearly demonstrated that the 
pathogenesis of pellagra, polyneuritis, and 
heri-beri heart disease depended upon nutri- 
tional deficiency, whether alcoholism was 
present or not. The frequent association of 
cirrhosis with alcoholism and poor dietary 
habits, together with the common coexistence 
of deficiency manifestations in that disease, 
provided a logical correlation which had not 
previously been explored. This basic concept 
of hepatic cirrhosis as a nutritional deficiency 
state was further substantiated by an enor- 
mous body of experimental evidence in 
animals, which had somewhat clarified the 
importance of various dietary components 
in the production or prevention of liver in- 
jury and cirrhosis. Subsequent clinical studies 
have now provided an adequate fund of in- 
formation to establish very clearly the malnu- 
trition basis of hepatic cirrhosis and have 
allowed the formulation of an effective and 
generally acceptable therapeutic program in 
this disease. 

Interest in the importance of lipotropic 
dietary factors probably dates back chiefly 
to the reports of Connor in 1938 § and 1939,° 
calling attention to the frequent occurrence 
of fatty infiltration of the liver in the course 
of both diabetes mellitus and chronic alco- 
holism. The fat-mobilizing action of choline 
was already known at that time through the 
work of Best and his associates,’® but further 
study of these dietary interrelationships was 
reported by Gyorgy and Goldblatt,.’' with 
subsequent establishment of choline as a 
lipotropic agent of practical value in the 
clinical management of cirrhotic patients.’ 
A similar lipotropic function of the essential 
sulfur-containing amino acid, methionine, 
was described by Tucker and Eckstein in 
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1937,'° and supplementation by this com- 
pound has since been observed to parallel 
the action of choline, in both animals and 
humans.¢ Both of these nutrients are be- 
lieved to exert their protective effect as 
“methyl” donors or as_ transmethylating 
agents, and it has been suggested that the 
beneficial value of high-protein diets in the 
therapy of hepatic cirrhosis may be related, 
in part at least, to their content of methi- 
onine or choline or both. 

An additional and more recent chapter 
in the story of lipotropic agents was written 
by Du Vigneaud and his group in 1945 
in work which demonstrated the capacity for 
synthesis of methyl groups in the animal 
body. A large volume of subsequent experi- 
mental work has further elucidated the 
mechanism of biosynthesis of methyl groups, 
with the clear indication that both cyano- 
cobalamin (vitamin By.) and folic acid 
(folacin) are involved.1® Thus, the choline 
requirement for growing rats is significantly 
lowered when cyanocobalamin is included in 
the ration, in the presence of homocystine 
(an unnatural amino acid) as a methyl ac- 
ceptor. According to this concept, the ‘methyl 
pool” for metabolic processes depends upon 
both the dietary supply of preformed methyl- 
ated compounds, chiefly in the form of 
choline and methionine, and a supplementary 
contribution from endogenous synthesis. In 
experimental animals the latter source alone 
does not appear to be adequate for all meta- 
bolic needs, and it may be presumed that 
the same holds true in humans. The clinical 
implications of these experiments may be 
inferred, even though definitive studies in 
human cirrhosis have not determined the 
roles of cyanocobalamin and folic acid in 
the program of treatment. Nevertheless, it 
has been suggested that the therapeutic value 
of intravenously administered crude liver 
extract, shown by Labby, Shank, Kunkel, 
and Hoagland’?® to be an effective agent 
for restoration of appetite and protein stor- 
age, may be due to its content of cyano- 
cobalamin. It is interesting to speculate, how- 
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ever, that serious liver damage 
infiltration and cirrhosis is not 
an important part of the clinical picture of 
pernicious anemia, in which inability to ab- 
sorb cyanocobalamin is recognized as a major 
pathogenic feature. 

During the years since 1944, wide and 
prolonged experience by clinicians in the 
practical use of choline and methionine has 
now provided additional perspective which 
indicates that lipotropic dietary factors, de- 
spite their proved fat-mobilizing action, do 
not contribute any significant therapeutic 
advantage over that obtained from diets rich 
in biologically high-quality protein. Accord- 
ingly, their use has been largely abandoned, 
and most clinics and hospitals now employ 
dietary management unsupplemented by lipo- 
tropic agents. 


SODIUM RESTRICTION 


One of the important recent contributions 
to an understanding of hepatic cirrhosis, as 
well as other forms of liver injury, has been 
the discovery of a complicated metabolic and 
humoral cause of fluid retention, edema, and 
ascites, previously regarded as largely an 
osmotic phenomenon due to 
serum albumin, augmented by a mechanical 
factor secondary to intrahepatic interference 
with portal blood flow with consequent rise 
in portal blood pressure. An anomaly of fluid 
balance coincident with liver damage had 
been recognized for many years, as <e- 
scribed by Gilbert and Lerevoullet,2° Ratnoff 
and Patek,*' and Adlersberg and Fox 2° in 
cirrhosis and by Jones and Eaton ** in in- 
fectious hepatitis, but the mechanism of this 
fluid retention in chronic liver disease was 
first studied in detail by Ralli and her as- 
sociates in 1945.*4 Their findings indicated 
the presence of excessive amounts of an 


diminished 


antidiuretic substance in the urine of cirrhotic 
patients with ascites. It was postulated by 
the authors that the source of this material 
might be the posterior pituitary gland. 

Of equal importance and undoubtedly cor- 
related with the problem of water retention 
in liver disease is the old observation that 
these patients have a seriously impaired renal 
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capacity to excrete sodium. This phenome- 
non has been intensively investigated in 
recent years ¢ and is characterized by aug- 
mented renal tubular reabsorption of the 
sodium ion with a similar, but dispropor- 
tionately less, effect upon chloride, resulting 
in a consistent fall of the Na/Cl ratio in 
urine. Further study of the mechanism of 
this effect has shown it to be produced, to 
a large extent at least, by the accumulation 
of excessively large amounts of a sodium- 
retaining steroid compound arising from the 
adrenal cortex, recently identified as aldo- 
sterone, or a derivative of it.§ It seems ap- 
parent that a close relationship must exist 
between the adrenal salt-retaining potential 
and the hypothalamic-pituitary mechanism, 
although no one, to date, has been able to 
demonstrate conclusively the basic means of 
control of these vital homeostatic functions. 
Body fluid concentrations of sodium and/or 
potassium, circulating plasma volume, and 
total osmolarity of blood, all have been sug- 
gested as critical “triggering” values for 
activating these humoral functions, but, at 
this writing, none seems to be entirely sat- 
isfactory. In any case, the neuroendocrine 
system, through mechanisms not yet under- 
stood, exerts homeostatic control over water 
and electrolyte balance, and the disturbance 
in this function seen in cirrhosis of the liver 
may possibly be regarded as compensatory 
for a constant dehydrated, hypo-osmolar state 
in the circulating blood, despite persistent 
sodium and water accumulation. The exces- 
sive quantities of aldosterone recoverable in 
the urine may represent adrenal cortical over- 
production as a result of pathological stinu- 
lation or may be due to decreased hepatic 
destruction of circulating active hormone 
brought about by hepatocellular damage. 
There is experimental evidence which tenta- 
tively supports the latter possibility as a 
contributing factor,** but, in any case, the 
aldosteronism must be regarded as secondary 
to some unknown trigger mechanism, one 
component of which would seem to be either 
hyponatremia or hypo-osmolarity of blood, 


t References 25-28. 
§ References 29-31. 
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since both of these values commonly or regu- 
larly are found to be depressed coincidently 
with sodium and fluid retention. The inter- 
relationship between posterior pituitary and 
adrenal cortical functions has been described 
by Harris and co-workers.** Further clarifi- 
cation of the high aldosterone titers in this 
disease, as a primary or secondary factor 
in the development of ascites, is urgently 
needed if a rational therapeutic approach is 
to be devised. 


Limitation of salt intake has been a stand- 
ard item of treatment in hepatic cirrhosis 
ever since the significance of sodium reten- 
tion was recognized. Eisenmenger and associ- 
ates *® observed a critical level of salt intake 
at 1.2 gm. daily, above which ascites regu- 
larly recurred. Later work by the same 
group ** provided evidence of electrolyte 
changes in saliva, sweat, blood, and urine 
which strongly suggested that the abnormal 
sodium retention in cirrhosis is largely a 
humoral phenomenon acting by way of the 
renal tubule. Therapeutic measures designed 
to counteract this metabolic anomaly have 
now become widely accepted and consist of 
a nutritious low-sodium diet and the use of 
various natriuretic agents such as carbonic 
anhydrase inhibitors and mercurial diuretics. 
An excellent discussion of the pathogenesis 
and management of ascites is available in the 
Combined Staff Clinic report from Presby- 
terian Hospital in New York.** 

Closely related to the disturbances of fluid 
and electrolyte balance in cirrhosis is the 
problem of serum protein levels and the thera- 
peutic use of diuretic agents. Based upon the 
now abandoned belief that antidiuresis in 
this disease results primarily from diminished 
osmotic pressure within the vascular com- 
partment as a consequence of inadequate 
amounts of circulating protein, especially 
albumin, several investigations during recent 
vears were designed to provide further prac- 
tical information. Thorn and co-workers *° 
in 1946, using intravenously administered 
salt-poor human serum albumin over periods 
up to 10 days, reported significant improve- 
ment in the urine volume and serum protein 
values, and nitrogen balance studies indi- 


cated retention of approximately 80% of the 
albumin supplement. It should be noted, 
however, that salt intake was restricted to | 
to 2 gm. daily during the period of study, 
and good diets with vitamin supplements 
were also provided. It is possible, therefore. 
that some of the diuresis may have been 
produced by factors other than the rise in 
serum albumin. A later study by Faloon 
and associates *’ confirmed these findings, 
but the value of a sodium-poor diet (500 
mg. daily) was also found to be significant 
in retarding ascites formation. The authors 
concluded that the relative importance of 
hypoalbuminemia and of portal hypertension 
in the genesis of ascites could not be defined ; 
consequently, we may now feel justified in 
believing that serum protein alterations con- 
stitute one of several factors to which may 
be attributed the failure of water and sodium 
excretion in cirrhosis. 

The application of various diuretic agents 
to the problem of ascites is a natural conse- 
quence of the clinician’s desire to move a 
large accumulation of fluid which is mechani- 
cally distressing and therapeutically deleteri- 
ous because of its interference with appetite 
and visceral circulatory relationships. Fur- 
thermore, this fluid has been shown_to be 
metabolically active, in a state of dynamic 
equilibrium with other body fluid compart- 
ments, rather than a inert 
reservoir.** Many clinical studies bearing on 


sequestered, 


diuretic therapy have been reported || indi- 
cating the improvement in water and sodium 
excretion which follows the use of diuretics, 
especially the mercurials when their action 
is potentiated by ammonium chloride. The 
resulting urinary loss of electrolyte is usually 
maximum for chloride and great for sodium, 
and there may often be heavy loss of potas- 
sium, even to the production of manifesta- 
tions of hypokalemia, such as _lassitude, 
drowsiness, and muscular weakness. Sodium 
depletion, likewise, may complicate vigorous 
and persistent antidiuretic therapy, particu- 
larly when it is combined with a rigorous 


|| References 37 and 39. 
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low-sodium diet and repeated paracenteses, 
each of which may remove several hundred 
milliequivalents of sodium. The onset of 
hyponatremia is usually accompanied by a 
refractory state toward diuretic agents. It 
is of great importance, therefore, that blood 
electrolyte levels be followed very carefully, 
if complications are to be avoided. 


COMPLICATIONS 


A. Upper Gastrointestinal Bleeding.—The 
occurrence of esophageal varices, often ex- 
tending into the cardiac portion of the stom- 
ach, is a result of increased portal pressure, 
usually secondary to intrahepatic vascular 
obstruction, with the varicosities represent- 
ing one of the several collateral channels 
which may arise to circumvent the obstruc- 
tion. Bleeding is most commonly of a massive 
type and is often extremely serious or even 
fatal. Danger of this disaster is greatly aug- 
mented by the common coexistence of poor 
coagulability of the blood, secondary to a 
lowered prothrombin content, which, when 
unresponsive to the parenteral administration 
of vitamin K, is indicative of serious hepato- 
cellular damage. On the basis of the same 
anatomical and physiological considerations, 
bleeding may take the form of chronic, slow 
oozing with the production of profound 
anemia of blood loss. The latter form is rela- 
tively much less common than the former, 
but bleeding of any type demands treatment 
which may involve both medical and surgical 
measures. Massive hemorrhage is an emer- 
gency problem, which is most frequently 
managed by the insertion of an inflatable 
balloon into the esophagus or stomach or 
both. Injection of the varices with sclerosing 
solutions has been attempted but, in general, 
has been less satisfactory. Portacaval shunt 
operations of various types, as described by 
Blakemore,*® by Linton,** by Rousselot,** 
and by others are now being generally used 
for the purpose of relieving the intrahepatic 
block and reducing the pressure in the portal 
system. Choice of the specific type of pro- 
cedure is outside the scope of the present 
discussion. 
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B. Hepatic Coma.—This complication 1s 
usually a near-terminal event and frequently 
ends fatally. It is known to occur in both 
progressive and well-stabilized, but advanced, 
chronic liver disease, but the usual mani- 
festations of advanced liver failure are not 
always present when coma appears. The 
premonitory signs of impending hepatic 
failure, as described by Adams and Foley,** 
consist of mental confusion, a characteristic 
tremor, and specific electroencephalographic 
changes, leading to a progressive state of 
stupor, coma, and death. The underlying 
metabolic disturbances have been studied by 
Snell and Butt ** and are characterized by 
elevated blood levels of pyruvate and lactate, 
which may be related to inadequate supply 
or utilization of thiamine. There is also an 
accumulation in blood and tissues of am- 
monia, as described by Traeger, Gabuzda, 
3allou, Schwartz, Phillips, and Davidson,{ 
ascribed by these authors to a serious dis- 
turbance in protein metabolism in which the 
hepatic conversion of ammonia to urea is 
impaired, with a resulting rise in blood con- 
centrations of the former. Despite these find- 
ings, the correlation between chemical and 
clinical findings is not sufficiently close to 
justify a definite causal relationship between 
ammonia and hepatic coma. It is logical, 
however, that the ingestion of excessively 
large amounts of protein food in patients 
with borderline hepatic function may precipi- 
tate a state of impending coma. 

Furthermore, the therapeutic use of large, 
or even usual, doses of some drugs may 
induce a response of similar type, owing to 
the diminished capacity of the damaged liver 
to detoxify or metabolize these compounds 


a normal rate. Of particular importance 
this regard are morphine and its deriva- 
tives and the barbiturates. 


a 
it 


The treatment of hepatic coma, whether 
fully developed or impending, depends there- 
fore upon reduction of dietary protein, avoid- 
ance of dangerous drugs, maintenance of an 
adequate fluid intake with restriction or 


{ References 45 and 46. 


j 
F 
i a 
| 
a 
} 
q 
: 
: 
5 
4 
q 
+ 
— 


CIRRHOSIS 


TREATMENT OF 


administration of needed electrolytes accord- 
ing to the specific needs, the supplementation 
of the diet with large amounts of either 
glucose or fructose, and possibly the admin- 
istration of glutamine and either cortico- 
tropin (ACTH) or cortisone. The use of 
glutamine is based upon its theoretical and 
demonstrable capacity to combine chemically 
with ammonia, but its practical clinical use 
has been very limited and is not especially 
promising. Rationale for the introduction of 
corticotropin and cortisone into the therapy 
of terminal liver failure is difficult to define. 
These hormones produce a detoxifying effect 
upon many naturally occurring noxious 
agents, not limited to the hepatotoxins, and 
they also are capable of nonspecifically sup- 
pressing the inflammatory reaction, which, 
however, is usually not present in this condi- 
tion. On the other hand, one of the main 
metabolic effects of cortisone is to divert 
the main stream of protein metabolism from 
anabolism to deamination and _ glyconeo- 
genesis. This change, induced by the ex- 
tremely large doses (up to 1 gm. or more 
daily) of steroid usually advised in hepatic 
coma, would tend to increase rather than 
decrease the total volume of amino com- 
pounds and urea derived from endogenous 
metabolism. In my experience, temporary 
improvement in the clinical state of the 
patient often follows this form of therapy, 
but there remains considerable doubt that 
the ultimate clinical course and final outcome 
are significantly altered. 


THE PROGRAM OF THERAPY 


A specific plan of therapy of cirrhosis in- 
volves bed rest, the prohibition of alcoholic 
beverages, the providing of an attractively 
prepared nutritious diet, the sharp limitation 
of dietary sodium intake, the administration 
of antibiotics as needed to control inter- 
current infection, the performance of para- 
centesis for control of marked ascites, and 
the use of mercurial diuretics as a supple- 
ment to other measures in the control of 
fluid and sodium retention. Special measures 
are needed to meet complicating and emer- 


gency situations as they arise. Each of these 
items will be discussed in detail. 

Bed Rest.—Most patients with advanced 
liver disease will accept bed rest very will- 
ingly because of weakness, muscular wasting, 
lassitude, and the general debilitating effect 
of their disease. In addition, fever is often 
present, to increase the sense of illness and 
malaise. With clinical improvement incident 
to therapy many of these constitutional 
symptoms subside to a sufficient extent that 
a semiambulatory state becomes desirable. 
However, rest is of definite value in the 
decompensated state of cirrhosis, and there 
is even some evidence that physical activity 
may increase the rate of reaccumulation of 
ascites. 

Diet——The diet which is currently being 
used in the treatment of hepatic cirrhosis 
in most hospitals contains a daily ration of 
about 90 to 125 gm. of protein, with an aver- 
age of about 100 gm., of which the major 
portion is animal protein of high biological 
quality. Its content of choline and methionine, 
as well as of all essential amino acids, is 
usually considered adequate to eliminate the 
necessity for specific supplementation with 
any of these nutrients in pure form. Carbo- 
hydrate is supplied in amounts varying be- 
tween 250 and 350 gm., and the fat content, 
formerly maintained at a restricted level, 
is now provided in more or less unrestricted 
amounts of 100 to 125 gm., to bring the total 
caloric value of the diet up to 2200 to 3000 
calories daily. The present “liver diet” of 
the University Hospitals contains 100 gm. 
of protein and sharply limited amounts of 
sodium, usually not exceeding 300 mg. 
daily.* The basic pattern of this diet for a 
24-hour period is as follows: 


Protein, Sodium, 

Food Amount m Mg. 
Lonalae 3 cups | 27 
Meat, fish, fowl 3 servings 42 150 
Vegetables 3 servings 5 5-100 
Fruits 2 servings None 5-25 
Cereal 1 serving 2 1-3 
Breads 4 servings 8 20 

Total 81 188-325 


+ Low-sodium milk (Mead Johnson). 


* See References 52 to 55 for further information 
relative to low-sodium diets. 
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Supplementary additions may be made 
from the following list : 


Protein, Sodium, 
Food Amount Gm. Meg. 
Cottage cheese 3 tablespoons s 8 
Gelatin 1 tablespoon 7 5 
Egg yolk one 3 14 
Bread one serving 2 5 
Meat 30 grams 8 30 
Lonalac leup 8 9 


A typical menu prepared according to this 
plan is as follows: 


Lunch Supper 
Salt-free meat loaf Salt-free roast beef 
Boiled potato Salad of salt-free 
Salt-free-squash cottage cheese 


Salt-free bread, and pear 


Breakfast 
Pineapple juice 
Salt-free cerealt 
Salt-free toast 
Salt-free butter 


Jelly 1 slice Salt-free cookie 
Lonalac,leup  Salt-free butter Salt-free bread, 
Coffee Salt-free chocolate 1 slice 


Salt-free butter 
Lonalac, 1 cup 


pudding 


8:00 p.m. 
Fruit juice with 1 tablespoon of gelatin 
Salt-free cookie 

The main problem in the planning of low- 
sodium diets for use in chronic liver disease 
lies in the selection of proteins of high bio- 
logical value which are not overloaded with 
sodium, since most animal products do not 
satisfy the latter criterion. Accordingly, a 
low-sodium milk product is a necessity for 
this purpose, for which Lonalac has served 
very successfully. Salt restriction is greatly 
facilitated by the use of special low-sodium 
foods of many types which are available on 
the market, and, in addition, the addition of 
extra salt in food preparation obviously must 
be avoided. Inasmuch as protein and sodium 
content are the two details of major impor- 
tance, it is obvious that caloric value may 
be increased as needed, by the free addition 
of carbohydrate in the form of sweetening of 
foods and beverages and even the use of 
candy. The fat content also may be modified 


+ The University Hospitals have used, for the 
past year, a new cereal product called Sturdiwheat 
(or V-932), soon to be marketed under the name of 
V-10, manufactured by the Special Foods Co., 
Redwing, Minn. It is prepared from a mixture of 
soy bean and special wheat flour and is very palat- 
able, attractive in taste as well as highly nutritious. 
It contains 25.1% high-quality protein and without 
supplementation induces better growth in young rats 
than equivalent amounts of casein. It also contains 
1.4547 per gram of vitamin By. 
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according to the diet philosophy of the indi- 
vidual clinician or the specific needs of 
individual patients, by the addition of salt- 
free butter, oil dressings, and _ salt-free 
gravies. 

The problem of anorexia, so often encoun- 
tered in patients with liver diseases of all 
types, must be taken into special considera- 
tion in the plan of management. It is obvious 
that the mere planning of a satisfactory, 
therapeutic diet is of little value unless it is 
actually eaten by the patient. The elimination 
of salt alone tends to make food unpalatable 
to many, if not most patients, and so the 
attractiveness and acceptability of the diet 
in all other respects becomes of unusual 
importance. Since limitation of fat content 
has been justifiably deemphasized in recent 
years, on the basis of clinical experiment 
and experience, and since the fat content of 
foods has a great deal to do with their 
palatability, there seems to be adequate 
reason for recommending “normal” fat con- 
tent in the cirrhosis diet. In severely anorexic 
patients it may at times be desirable or even 
necessary to resort to the administration of 
a nutritious liquid diet by stomach tube 
until the appetite begins to return. Under 
more favorable circumstances, when actual 
nausea and vomiting are not present, it is 
sometimes desirable to provide assistance 
to the patient, by nurses or attendants. in 
urging the acceptance of more food or in 
help with the simple mechanics of eating 
a meal. In any case, since diet constitutes 
the keystone of therapy, it is apparent that 
close cooperation between the medical, nurs- 
ing, and dietetic personnel assumes an un- 
usual importance, which is encountered in 
few other diseases. 

By conscientious attention to these dietary 
principles, not only during hospitalization 
but also as a long-continued therapeutic 
regimen incorporated into the patient’s pat- 
tern of living after discharge, remarkable 
improvement may be expected in many, if 
not most, patients with cirrhosis, excluding 
perhaps only those persons who are in a 
terminal or near-terminal stage of disease 
or who have limitation of life expectancy 
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because of serious complications of gastro- 
intestinal hemorrhage or intercurrent infec- 
tion. Included among these benefits are not 
only the control or disappearance of ascites 
but also improvement in nutritional status, 
reappearance of a sense of well-being, and a 
restoration toward normal of nitrogen bal- 
ance and the usual battery of liver-function 
tests. It is common clinical experience that 
liberalization of the dietary restrictions be- 
comes possible in many cases, as clinical 
progress develops, so that sodium intake may 
safely be increased up to 1 or 2 gm. daily, or 
even more. 

Salt Restriction.—Since the diet represents 
the major source of salt intake, there is little 
else in this regard to require attention. It 
is obviously of importance to omit the use of 
drugs which contain sodium, such as sodium 
acetylsalicylate and sodium bicarbonate, and 
administration of parenteral fluid, when 
necessary, may be isotonic or hypertonic 
with glucose or fructose as 5% or 10% solu- 
tion in water for injection U. S. P. The 
sodium content of drinking water is almost 
never of sufficient magnitude to present a 
practical problem. If a hyponatremic state 
has inadvertently been induced through the 
too vigorous employment of diet, diuretics, 
and paracentesis, the deliberate administra- 
tion of isotonic or even hypertonic saline 
may at times become necessary for the man- 
agement of a serious complication and to 
restore reactivity to diuretic agents. In fact, 
an impressive diuresis and natriuresis may 
be obtained at times in diuretic-fast patients 
through the administration of a repleting 
dose of several grams of sodium chloride. 


Antibiotics.—Fever is a common phenom- 
enon in cirrhosis, found by some observers 
to be present in 80% to 90% of patients. In 
a relatively small proportion of these patients 
it may be associated with the presence of a 


recognized intercurrent infection, but in the 


majority of patients its cause remains un- 
known, and it is often, if not usually, unaf- 
fected by the use of adequate antibiotic ther- 
apy. When the cause of fever can be 
identified, especially if the infecting micro- 


organism can be isolated, antibiotic therapy 
may be effectively instituted, the choice of 
therapeutic agent depending upon specific 
sensitivity as determined by in vitro testing. 

Mention should be made of the effect of 
chlortetracycline (Aureomycin), which, in 
experimental studies in animals, has been 
found to exert a protective action which 
delays the development of dietary hepatic 
necrosis.*7 The beneficial effect of this anti- 
biotic, as well as that of several others, has 
been attributed to its growth-suppressing 
action on the normal intestinal flora. Clinical 
observations ** have failed to reveal any strik- 
ing therapeutic benefit in cirrhotic patients 
through the use of chlortetracycline, despite 
some equivocal evidence of effectiveness. 
Accurate evaluation of these agents is admit- 
tedly difficult in a disease as unpredictable 
and capricious as cirrhosis, but the evidence. 
up to the present time at least, is not con- 
vincing, and the administration of antibiot- 
ics, therefore, is not usually included in the 
program of treatment unless specific indica- 
tions are found. I have had no experience in 
the routine use of chlortetracycline in this 
disease. 

Paracentesis. — The presence of ascites, 
particularly when the volume of fluid is 
excessively large, not only is the cause of 
marked discomfort to the patient but also. 
by the mechanical effects of distention, inter- 
feres with appetite and, by compression of 
the iliac veins, produces obstruction to 
venous return of blood from the legs, with 
massive edema. Accordingly, removal of this 
fluid by paracentesis is a standard procedure 
both for subjective relief and for its true 
beneficial effect upon the course of the dis- 
ease. Little or no difficulty is ordinarily 
experienced with the procedure, and drainage 
from the wound often continues for many 
days afterward. It should not be forgotten, 
however, that the paracentesis fluid contains 
large amounts of protein and electrolytes, so 
that a very substantial depletion of both may 
follow. It may justifiably be argued that 
these constituents of ascitic fluid are inert 
and metabolically inactive anyway, but the 
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repeated removal of such accumulations, 
especially if accompanied by a low-sodium 
and poor food intake, with repetitive use of 
electrolyte-depleting diuretics, may lead to 
serious metabolic complications. For this 
reason, electrolyte and protein balance must 


be kept constantly in mind. 


Diuretics —In a disease characterized by 
abnormal retention of both sodium and 
water, the therapeutic use of diuretics to 
force the excretion of both is natural and 
logical. The best of the available agents are 
the mercurials, such as meralluride ( Mercu- 
hydrin), mercurophylline (Mercuzanthin ), 
mercaptomerin (Thiomerin), and mersalyl 
(Salyrgan). Their action is upon the renal 
tubule, without any appreciable effect upon 
glomerular filtration rate. Sodium and water 
excretion may be increased from 10- to 
50-fold and 6- to 12-fold, respectively. For 
each 140 mEq. (3.2 gm.) of sodium lost, 
1 liter of water must be excreted, and the 
urine volume in some patients may rise to 
4 to 6 liters daily; in general, however, the 
diuresis induced in cirrhotic patients is usu- 
ally less impressive than that seen in other 
edematous states. After acidification of the 
urine for one day with ammonium chloride, 
in a dose of 1 to 2 gm. four times daily, the 
mercurial diuretic is given by subcutaneous 
injection in a test dose of 0.5 cc. If no 
untoward reaction follows, indicative of idio- 
syncrasy to the drug, the full 2 cc. dose may 
be given on the following day and at approxi- 
mately three-day intervals thereafter. I have 
usually used meralluride, but clinical studies 
indicate very little basis for preference 
among the presently available compounds. 
Special mention should be made of orally 
administered mercurial agents, the best of 
which is believed to be chlormerodrin (Neo- 
hydrin), a preparation four or five times 
more potent than the other drugs listed 
above, dispensed in tablet form, the dose of 
which is three to eight tablets daily. 

One of the common obstacles to the suc- 
cessful use of mercurial diuretics is the 
development of a refractory state, character- 
ized chemically by the changes of hypochlo- 
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remic alkalosis, with a low plasma chloride, 
high bicarbonate, and a normal to mildly 
depressed sodium level. It is due to the dis- 
proportionately large renal excretion of the 
chloride ion induced by the therapeutic agent 
and is corrected by the administration of 
ammonium chloride. If the latter drug is 
continuously administered with the diuretic, 
according to common practice, this problem 


is much less likely to occur. 


Complications.—Severe upper gastrointes- 
tinal hemorrhage from esophageal varices is 
the commonest serious complication of hep- 
atic cirrhosis and is also the commonest cause 
of death. The immediate threat must be 
handled as an emergency situation by means 
of repeated transfusions of whole blood and 
the use of esophageal tamponade by means 
of a balloon-tipped tube, which may be intro- 
duced to the exact position necessary to bring 
counterpressure at the cardiac orifice and for 
several centimeters proximal to that point. 
Such a tube may be left in place for several 
days, during which time feeding obviously 
must be carried on parenterally. Specially 
designed tubes have been devised, however, 
to provide a rigid inner tube through which 
liquid feeding may be maintained. Adequate 
control of bleeding may be judged by close 
observation of pulse, blood pressure, and 
clinical evidences of shock. Simultaneous 
efforts should be directed to restoration of a 
normal or improved prothrombin content of 
hlood, by means of parenterally administered 
vitamin K, and/or the transfusion of fresh 
whole blood. The latter measure, brief as its 
effect may be, is the only recourse when liver 
damage is so extreme that spontaneous pro- 
duction of prothrombin cannot occur. Im- 
mediate surgical intervention to stop bleeding 
has been advocated in the past, for the pur- 
pose of either ligating or sclerosing the 
dilated veins, but the operative mortality is 
very high, and, in my opinion, is usually not 
justified. 


Hepatic coma must always be regarded as 


a near-terminal complication usually 
ends fatally. Its appearance should indicate 
the probability of a very grave prognosis. 
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Therapeutic efforts to meet it consist of the 
intravenous infusion by constant slow drip 
of 10% glucose or fructose in water for 
injection U. S. P. supplemented with any 
good multivitamin preparation and the main- 
tenance of protein nutrition as far as possible 
with a nutritious diet mixture, in a liquid 
form, if necessary, introduced by stomach 
tube if the patient is unconscious. Cortisone 
has been used by injection in large doses, of 
250 mg. four times daily, but the benefits 
have been temporary only and very disap- 
pointing. Final evaluation of steroid therapy 
in this situation is difficult, and its effective- 
ness remains uncertain. 


COMMENT 


The successful therapeutic management of 
cirrhosis of the liver is best handled as a team 
project involving the internist, the dietitian, 
and the nursing staff, with occasional need 
for active surgical cooperation. In a chronic 
disease of this sort, with a spontaneously 
variable course, it is often difficult to assess 
the precise value of various measures. Enor- 
mous patience is required on the part of the 
entire attending staff, since satisfactory food 
intake, the most important single item in the 
plan of management, will often be disappoint- 
ing for long periods of time, and cooperation 
by the patient may be very poor. Plans must 
be made for the treatment to be as chronic 
as the disease, and a long period of hospitali- 
zation may serve not only as a turning point 
in a previously downward course but also as 
a period of reeducation into a new pattern of 
living, during which proper food habits may 
be well established and the first stages in 
reducing or eliminating alcoholic intake can 
be attempted. Rehabilitation of cirrhotic 
patients, therefore, extends far beyond the 
actual dietary details and remedial medica- 
tions employed. For the pathway back to 
health for these persons is a long, rough, and 
discouraging one, especially when alcoholism 
is a major etiological factor, and necessarily 
involves the acceptance of a diet which is of 
low palatability for many persons combined 
with abstinence from alcohol. It is for these 


reasons that an attitude of patience and sym- 
pathetic understanding on the part of the 
physician and his associates is important 
enough to justify special comment. 

Of the voluminous literature in this field, 
I would like to cite especially the papers by 
Patek, Post, Ratnoff, Mankin, and Hill- 
man **; by Chalmers and Davidson,*® and by 
Davidson.*! 
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Case Reports 


POSTERIOR INFERIOR CEREBELLAR ARTERY SYNDROME OF 
WALLENBERG AFTER CHIROPRACTIC MANIPULATION 


GABRIEL A. SCHWARZ, M.D. 
JOSEPH K. GEIGER, B.S. 


and 
ANSELMO V. SPANO, M.D., Philadelphia 


T HAS been known for some time that 

chiropractic manipulation of the vertebral 
column can cause damage to the encased 
spinal cord and its roots. For instance, in- 
jury to the cauda equina from a nucleus pul- 
posus traumatically herniated by manipula- 
tion has been described.’ Paraplegia may 
prove to be a more serious sequel to these 
manipulative procedures.* [Even more com- 
plicated and serious neurologic results may 
occur with dislocation of the atlas on the axis 
as a result of chiropractic manipulation of the 
neck and head.’ 

While such dangers to the spinal cord and 
spinal roots would seem to be readily under- 
standable, the involvement of neural struc- 
tures in the posterior fossa of the skull might 
seem more remote. Yet damage to the cere- 
bellum and brain stem have resulted from 
chiropractic manipulation.t Damage to such 
structures can be quickly fatal or may leave 
unfortunate neural deficits. We have had the 
opportunity to study a young woman who de- 
veloped the classical Wallenberg syndrome 
following chiropractic manipulation of her 
head and neck but who made an uneventful 
recovery with few residua. It was felt that 
a report of this case might help to emphasize 
the importance of this intracranial complica- 
tion following chiropractic manipulation. 


Submitted for publication Oct. 13, 1955. 

From the Department of Neurology, School of 
Medicine, University of Pennsylvania (Dr. 
Schwarz). 

* References 2 and 3. 

+ References 3 and 5. 


352 


REPORT OF CASE 


On Nov. 4, 1954, a 28-year-old white woman 
visited a chiropractor to get treatment for a “head 
cold.” Immediately after the manipulation of her 
neck, she sat up, felt “dizzy,” and noticed that the 
right side of her face and her left extremities were 
“numb.” She felt generally weak. She could not 
walk without support and had to be taken home by 
her sister and brother-in-law. It was noticed then 
that the right side of her face “looked different.” 
The following day, she remained in bed and that 
evening complained of some pain in the back of her 
head on the right side. She became nauseated, 
“dizzy,” and “weak all over” and fainted. 

The patient complained of blurring of vision in 
her right eye. She had nausea followed by vomiting 
on several occasions. Although she said she felt 
weak, she was able to walk by holding on to nearby 
objects. 

She had trouble swallowing solid foods. Liquids 
would come out of her nose unless she sipped them 
slowly. Her speech was somewhat nasal and slurred. 
She never had any trouble in chewing. There was 
no history of tinnitus, no difficulty in hearing, no 
diplopia, and no trouble in smelling or tasting. She 
never had a fever. 

A neurologic examination was performed by one 
of us (G. A. S.) on Nov. 28, 1954, and showed the 
following results: The borders of the right optic 
nerve head were somewhat hazy, and the retinal 
veins seemed full. However, there was no true 
papilledema. The left optic nerve head showed no 
changes. The visual fields were full as tested by 
gross confrontation. The right pupil was smaller 
than the left. The pupils reacted well to light and 
in accommodation-convergence. There were a few 
unsustained nystagmoid jerks on right lateral gaze. 
The muscles of the face, tongue, and jaws moved 
fully. The soft palate deviated to the left on phona- 
tion. The patient spoke clearly and well, although 
there was a nasal quality to her speech. The nasal 
and corneal reflexes were diminished on the right. 
The other cranial nerves were intact. 

The patient’s gait was unsteady. She preferred to 
hold on to someone when walking, although she 
could walk alone. In the Romberg position, with her 
eyes open or closed, she tended to sway a bit to the 
right. 

There was no demonstrable dysmetria, dys- 
synergia, or dysdiadokokinesia. 
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WALLENBERG'S SYNDROME 

There was no disturbance in muscle power, tone, 
or volume. 

Touch, pin-prick, and temperature sensation were 
impaired on the right side of her face. Touch per- 
ception was impaired a little bit in her left foot 
and the distal portion of her left leg. The senses of 
pain and temperature were markedly impaired in 
her left upper and lower extremities and in the left 
side of her body. Vibration sense and position sense 
were intact throughout. 

The tendon and periosteal reflexes and the abdom- 
inal reflexes were all present and equally active. 
There were no pathologic reflexes. 

On Nov. 30, 1954, the patient was admitted to the 
Hospital of the University of Pennsylvania. The 
laboratory studies showed 91% (13.7 gm. per 100 
ml. of blood) of hemoglobin and 4,500,000 red blood 
cells per cubic millimeter of blood, of which 64% 
J were lympho- 
cytes, and 2% The blood urea 
nitrogen was 11 mg/100 cc., and the fasting blood 
sugar was 93 mg/100 cc. Urinalysis showed nothing 
abnormal. Her blood Kolmer and Kline tests were 
nonreactive. The cerebrospinal fluid under 
normal pressure and contained 26 mg/100 cc. of 
protein. 


were polymorphonuclear cells, ; 
were monocytes. 


Was 


The roentgenogram of her skull showed some 
prominence of the digital markings. The bones of 
the sella turcica showed no erosion. The calcified 
body was not displaced. Special studies of the 
occipitoatlantoaxial articulations and odontoid pro- 
cess disclosed nothing abnormal. 

Her visual fields were full as tested by the 
perimeter and the tangent screen. The ophthal- 
mologist also observed diminished corneal sensitivity 
and a smaller pupil on the right side. 

On Feb. 8, 1955, the patient stated that her gait 
was less unsteady. She could use her left hand 
much better than before. She no longer dropped 
objects from this hand. She now noted a pins-and- 
needles feeling in her left foot. 

The neurologic examination on this date showed 
her gait to be much less ataxic. Actually, she could 
walk very well without support. The Romberg test 
showed no swaying. Check was impaired in her 
right upper extremity. There was a slight dys- 
metria on doing the finger-to-nose test on the right. 
Her right pupil was almost as large as the left. 
There was a slight unsustained rotatory nystagmus 
on right lateral gaze. Her soft palate pulled up and 
to the left. The palatal reflex seemed to be absent 
on the right side. The corneal and nasal reflexes 
were impaired on the right side. Touch was im- 
paired on her right forehead. Pain and temperature 
were impaired in the right face, left upper extremity, 
left lower chest, abdomen, and left lower extremity. 
Her muscle status was intact. Her reflexes were not 


abnormal. 


COMMENT 

In reviewing the literature, we discovered 
that three cases had been previously reported 
in which brain stem injury had followed 
chiropractic manipulation. In 1947, Pratt- 
Thomas and Berger * described the case of 
a 32-year-old man who went to a chiroprac- 
tor for 
“giddy” feelings. During his last manipula- 
tion, the patient lost consciousness. When he 


‘adjustments” for his headaches and 


revived, it was evident that he had medullary 
damage. He was sent to a hospital but died 
48 hours later. An autopsy showed a throm- 
bosis of his basilar artery, his left anterior 
inferior cerebellar artery, and his right pos- 
terior inferior cerebellar artery. These authors 
also described a 35-year-old woman who had 
been periodically visiting a chiropractor for 
After a manipulation of her 
The 


“hay fever.” 
head and neck she became “dizzy.” 
following day she was sent to the hospital in 
an unconscious state and died after a few 
hours. An autopsy revealed a thrombosis of 
the basilar artery, the right vertebral artery, 
and the left posterior inferior cerebellar ar- 
tery. 

Then, in 1953, Kunkle, Muller, and Odom *® 
described a 35-year-old man who had been 
receiving a series of neck manipulations by 
a chiropractor for headache. The last manip- 
ulation was unusually vigorous, involving 
stretching and rotary neck movements, along 
with firm pressure on the right side of the 
neck. He developed sudden neurologic symp- 
toms felt to be due to an insufficiency of his 
right posterior inferior cerebellar artery. A 
year later, he presented a residual ataxic gait, 
nystagmus, numbness and dryness of the right 
side of the face, slight numbness of the left 
side of the face, and blurring of vision. 

While stretching, tearing, or compression 
of the parenchyma directly will explain spinal 
cord or spinal root damage following chiro- 
practic manipulation, the brain stem and 
cerebellum cannot be so involved. Damage 
to these latter structures must be by interfer- 
ence with their blood supply. Much thought 
has been given to the mechanism by which 
such vascular damage can occur. Kunkle and 
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co-workers * felt that the vertebral arteries 
were particularly vulnerable to injury by such 
manipulations in that portion of these vessels 
which stretches from the atlas into the skull. 
They felt that the atlanto-occipital portions 
of the vertebral arteries are of necessity very 
flexible in order to meet the wide mobility 
of the occipitoatlantal and atlantoaxial joints. 
They referred to the interesting tests of de 
Kleyn and Nieuwenhuyse,® who demonstra- 
ted in cadavers that the circulation through 
one vertebral artery could be impaired seri- 
ously if the head were overextended and 
tilted to the opposite side. Kunkle and co- 
workers ° and de Kleyn and Nieuwenhuyse ® 
also stressed the fact that variations in the 
size and position of the vertebral arteries 
could occur and that persons with such vas- 
cular variations would undoubtedly be read- 
ily susceptible to unusual stresses of this 
circulation. Lindenberg * has recently stressed 
the ready compressibility of the posterior 
inferior cerebellar artery at points where it 
is closest to the posterior rim of the foramen 
magnum. Such factors as these would seem 
to us to offer a reasonable explanation of the 
vascular syndrome which occurred in our 
young patient. 

Occlusion of the posterior inferior cerebel- 
lar artery or one of its branches is the “most 
common vascular lesion of the brain stem.*” 
The commonest etiologic basis for the Wal- 
lenberg syndrome is said to be hypertension 
and/or atherosclerosis.’ It would seem to us 
that when this syndrome is found in a young 
person with no other vascular disease a trau- 
matic cause should be sought. 

The fact that thromboses were found path- 
ologically in the two autopsied cases may be 
important in the light of the recent success- 
ful use of anticoagulants in intermittent in- 
sufficiency of the basilar artery.’® It is sug- 
gested that, in the future, if such brain stem 
syndromes follow chiropractic head and neck 
manipulation prompt anticoagulant therapy 
may well be life-saving. 
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ARCHIVES OF INTERNAL MEDICINE 


SUMMARY 


A case of Wallenberg’s syndrome in a 
young girl is reported. It followed immedi- 
ately upon chiropractic manipulation of the 
head and neck, Recovery was almost com- 
plete. 


The mechanism of the production of such 
a disorder is discussed. Early diagnosis would 
seem essential because of the benefits that 
might be obtained from prompt anticoagu- 
lant therapy. 
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IDIOPATHIC CLUBBING AND HYPERTROPHIC OSTEOARTHROPATHY 


DELBERT BUCHMAN, M.D. 
and 
EDWARD A. HROWAT, M.D., LaCrosse, Wis. 


HEN CLUBBED fingers are noted in 

the course of a physical examination, 

the clinician considers the possibility of an 

underlying chronic disease, particularly car- 

diac or pulmonary. The following case is 

deemed worthy of presentation because it 

illustrates clubbing of the digits and the bone 

changes of hypertrophic osteoarthropathy in 

a healthy young man without recognizable 

disease, in whom cardiac catheterization 

studies revealed normal cardiopulmonary 
physiology. 

REPORT OF CASE 
A 23-year-old white man was found to have 


symmetrical clubbing of the fingers and toes in the 
course of a routine college entrance physical exam- 


Received for publication Oct. 17, 1955. 


ination in September, 1953. Prior to this he had 
been unaware of any abnormality. The past history 
included occasional upper respiratory infections, 
scarlet fever as a child, and a mild pneumonic epi- 
sode in 1947. He denied cyanosis. The history was 
negative for congenital heart disease or for any 
serious illness. His good health became more ap- 
parent when questioning revealed that he had been 
on his high school track team, was able to run a 
mile without difficulty, and had enrolled in college 
intending to major in physical education. 

The family history was negative for clubbing, 
but other members of the family were unavailable 
for examination. It seemed probable that the his- 
tory was correct, since the patient was questioned 
repeatedly after his attention had been called to 
the appearance of clubbed digits and he had visited 
his family at home. 

Physical examination was normal with the ex- 
ception of symmetrical clubbing of the fingers and 
toes (Fig. 1). The photograph reveals the clubbing, 
which was, however, even more apparent clinically, 
as noted by numerous observers. Pyke! has de- 
scribed the findings necessary for diagnosis, the 
essential change being obliteration of the angle 
between nail and nail bed, and this change was ap- 


Fig. 1—Symmetrical clubbing of the fingers. 
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parent in our patient. The lung fields were clear; 
the heart sounds were distinct and of good quality. 
The liver and spleen were not palpable. Hair dis- 
tribution was normal. The ears and lips were not 
cyanotic. The clubbed nail beds presented a very 
questionable cyanotic tinge. 

Teleoroentgenogram and cardiac fluoroscopy were 
normal. The electrocardiogram was within normal 
limits. Roentgenograms of the tibae were normal ; 
those of the hands and feet revealed the burr-like 
proliferative changes of the ungual phalanges de- 
scribed by Craig? (Fig. 2). This patient, then, 
had not only soft tissue changes but also the early 
bone changes of hypertrophic osteoarthropathy. Up- 
per gastrointestinal roentgenograms were normal. 
Other laboratory data were normal and are sum- 
marized in Table 1. Skin temperatures taken at the 
finger tips with the electric thermocouple were 
between 31.5 and 32 C (88.4 and 89.6 F). 

At this point of investigation it was thought that 
a small septal defect might exist, and the patient 
was referred to the cardiovascular section of the 
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Fig. 2.—Roentgenogram of fingers, showing broadening of tufts of terminal phalanges and 
serration, particularly in phalanges 2, 3, and 5. 
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TaBLe 1.—Summary of Laboratory Tests 


15.6 gm./100 ml. blood 

Mean corpuscular hemoglobin..... 307 

Red blood corpuseles.............. 5,200,000 million /eu. mm. 
blood 

White blood corpuseles............ 6,450/eu. mm, blood 

Differential count................++ N, 49%; juvenile N, 8%; 
L, 40%; M, 3% 

Sedimentation rate................ 1 mm. in an hour (Win- 
trobe-Landsberg ) 

C-reactive protein................. Negative 

74 gm./100 ml, serum 

5.25 gm./100 ml. serum 

Serum 2.15 gm./100 ml. serum 

Albumin/ globulin ratio............ 2.44:1 

Alkaline phosphatase.............. 1.7 Bodansky units 

Serum phosphorus................- 3.8 mg./100 mm. serum 

Thymol floceulation............... Negative 


Cephalin cholesterol floceulation.. 1+ in 24 and 48 hours 

Clear; specific gravity, 
1,016; 0 sugar and al- 
bumin; 0 WBC, RBC, 
and casts 
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IDIOPATHIC CLUBBING 
Department of Medicine at Marquette University 
for consideration of cardiac catheterization. Pre- 
liminary studies at the clinic included a_ phono- 
cardiogram, which failed to disclose cardiac mur- 
murs. Venous catheterization was performed, and 
arterial oxygen samples were obtained by means of 
a Cournand cannula in the right brachial artery. 
Table 2 lists the results, all of which were within 
normal limits. The patient has been seen periodi- 
cally since 1953, and no evidence of ill health has 
occurred. 


TaBLeE 2.—lVenous Catheterization and Oxygen 
Saturation Studies 


Values Mm. Hg 
Blood 
Pressure, 
Blood Oz content, ce./L. 
Superior 133.5 
Inferior vena 155.6 
Main pulmonary artery 
Right brachial artery 
After 100% Oz for 3min......... 221.8 


Oxygen consumption, ec./min. 


12.4 
Oz saturation, % 

90 

Pulmonary funetion 

Inspiratory reserve, ¢C.............+ 2,484 

Expiratory reserve, ¢¢.............. 1,283 

Vital capacity, ce 4,057 

Maximum breathing capacity, 

L./min. (normal, 82-169)......... 94.5 


COM MENT 


Reports * of clubbing occurring secondary 
to some primary disease are numerous. 
Mendlowitz * grouped such cases under the 
designation of acquired clubbing. Less em- 
phasized is the hereditary group, in which a 
family history can be obtained, and the idio- 
pathic group, in which a family history is not 
apparent. The case reported here appears to 
fall into the last category and represents to 
the best of our knowledge the first reported 
case in which cardiac catheterization studies 


* References 2-7. 


have been obtained to rule out occult cardiac 
or pulmonary disease. Recent articles tend to 
stress the benign aspect of idiopathic club- 
bing.+ The present case adds to this concept. 

A final point is the possibility that what we 
have called an idiopathic disease is in fact 
secondary to a primary disease which eludes 
diagnosis. Keats and Bagnall and Berk 
mention that clubbing and its more advanced 
stage of osteoarthropathy may be the initial 
finding in pulmonary neoplasm. Craig * re- 
ported four cases in which osteoarthropathy 
preceded pulmonary symptoms by 8 to 11 
months, and in the Case Record of the 
Massachusetts General Hospital * is reported 
one in which pulmonary symptoms did not 
appear for one and one-half years. The prob- 
ability of acquired disease in our case seems 
quite unlikely for several reasons. The young 
age, the continuation of good health after an 
observation period of two years, and the in- 
tensive studies he has had all militate against 
this possibility. 
SUMMARY 
A case of idiopathic clubbing with early 
hypertrophic osteoarthropathy is presented. 
The patient had always considered himself in 
good health, and the abnormality was discov- 
ered during a routine physical examination. 
This report is believed to be the first which 
includes venous catheterization and brachial 
artery oxygen saturation studies, these stud- 
ies being done to exclude cardiac septal 
defect and pulmonary disease. Our case adds 
to those already in the literature which build 
a concept of simple clubbing and osteoar- 
thropathy as manifestations of a disease of 
unknown cause, with a favorable prognosis. 

Marquette University School of Medicine gave 
permission to use the data obtained by cardiac 
catheterization. 

REFERENCES 

1. Pyke, D. A.: Finger Clubbing: Validity as a 
Physical Sign, Lancet 2:352-354 (Aug. 21) 1954. 

2. Craig, J. W.: Hypertrophic 
Osteoarthropathy as the First Symptom of Pul- 
monary Neoplasm, Brit. M. J. 1:750-752 (April 
10) 1937. 


Pulmonary 


+ References 9-12. 


cg 
: 
; 
357 


A, M. 


3. Warthin, T. A.; Cooper, J. F., and Caputi, 
A. P.: Clubbing of Digits, Metaplasia of Urinary 
Bladder and Mucous Diarrhea, Arch. Int. Med. 
86:10-21 (July) 1950. 

4. Fried, B. M.: Chronic Pulmonary Osteo- 
arthropathy: Dyspituitarism as a Probable Cause, 
Arch. Int. Med. 72:565-580 (Nov.) 1943. 

5. Bloom, W.: Pituitary Implications in Hyper- 
trophic Pulmonary Osteoarthropathy, Ann. Int. 
Med. 29:361-370 (Aug.) 1948. 

6. Pattison, J. D., Jr.; Beck, E., and Miller, 
W. B.: Hypertrophic Osteoarthropathy in Carci- 
noma of Lung, J. A. M. A. 146:783-787 (June 30) 
1951. 

7. Case Records of the Massachusetts General 
Hospital: Case 31281, New England J. Med. 233: 
44-48 (July 12) 1945. 


ARCHIVES OF INTERNAL MEDICINE 


8. Mendlowitz, M.: Clubbing and Hypertrophic 


Osteoarthropathy, Medicine 21:269-306 (Sept.) 
1942. 

9. Talbott, J. H., and Montgomery, W. R., Jr.: 
Familial Clubbing of Fingers and Toes, A. M. A. 


Arch. Int. Med. 92:697-700 (Nov.) 1953. 


10. Logue, J. T.: Osteoarthropathy and Simple 
Clubbing, U. S. Armed Forces M. J. 4:1627-1631 
(Nov.) 1953. 


11. Keats, T. E., and Bagnall, W. S.: Chronic 
Idiopathic Osteoarthropathy, Radiology 62:841-844 
(June) 1954. 


12. Berk, M.: Chronic Idiopathic Hypertrophic 
Osteoarthropathy, New England J. Med. 247:123- 
126 (July 24) 1952. 


ic 
at 
<j 
da 
: 
358 
i 
: 


Scientific Exhibits 


RECENT METHODS IN THE STUDY AND TREATMENT OF ATHEROSCLEROSIS 
IN NORMAL SUBJECTS EIGHTY TO ONE HUNDRED YEARS OF AGE 


A. A. GOLDBLOOM, M.D.; H. B. EIBER, M.D.; L. J. BOYD, M.D.; I. CHAPMAN, M.D.; 
O. DEUTSCHBERGER, M.D., and W. R. LOEWE, M.D., New York 


OR THE past five years we have been engaged in an intensive study of lipid 

metabolism. The data in this series were derived from studying 500 subjects 
aged 13 to 100 years, in an attempt to determine which laboratory and clinical 
criteria are definitive in diagnosing atherosclerosis and which means are useful in 
its management. X-ray films of 1000 persons aged 50 to 100 years, including 335 
patients 80 to 100 years of age, were reviewed. In this series were 100 normal 
subjects 80 to 100 years old in whom detailed lipid metabolic studies were made. 
These elderly persons, who were institutionalized for custodial care, had no previous 
history of coronary, metabolic, endocrine, or venereal disease and were considered 
to be “normal.” 

METHODS OF STUDY 

Blood chemistry examinations were performed for creatinine, nonprotein nitrogen, and 
serum lipid partitions such as total cholesterol, phospholipid, neutral fats, and total lipids. Serum 
lipoprotein molecules (S¢ 0-12 and S¢ 12-400) were determined by the high-speed ultracentrifuge 
apparatus. The significance of the atherogenic potentialities from the S¢ lipoprotein molecule 
values as indicated by the atherogenic index was utilized. Alpha- and beta-globulin fractions 
were obtained by paper electrophoresis to compare and correlate with the Se molecule values. 
Ballistocardiograms and electrocardiograms were taken. 

Roentgenograms of the thoracic and abdominal aortas were studied. Newer measurement 
concepts in the determination of aortic dilatation and new interpretations of the amount of 
calcification within the aorta were obtained. Ophthalmoscopic examinations for a more revealing 
eye ground classification of arteriosclerosis were done at periodic intervals. Gross and micro- 
scopic examinations of the aortas were performed in a scrupulous manner in all of the patients 
who died, and some new concepts were revealed. This exhibit presents, correlates, and 
compares the results of similar studies in younger subjects (25 to 80 years). 


Our studies have shown that total lipids, certain serum lipoprotein molecules, 
atherogenic index, degree of aortic calcification, and degree of aortic dilatation all 
increase from youth until the age group of 60 to 75 years, after which there is a 
decline or reversal of biochemical and/or physical processes. We have termed this 
the “threshold age.” 

Current treatment of atherosclerosis in normal geriatric persons is discussed, 
especially what the physician should “do” and “not do.” The following clinical 
topics are mentioned: type of diet; clinical value of lipotropic agents; recent 
antihypertensive drug combinations to lower elevated blood pressures (an abnormal 
finding ) ; indiscriminate local usage of antibiotics for eye diseases; hormones for 

Submitted for publication Nov. 9, 1955. 

Aided by a Grant from the Sophie D. Cohen and William W. Cohen Foundation. 

From the New York Medical College—Metropolitan Medical Center (Bird S. Coler 
Hespital Division). 

Shown as a Scientific Exhibit of the Section on Internal Medicine at the 104th Annual 
Meeting of the American Medical Association, Atlantic City, June 6-10, 1955. 
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BLOOD LIPIDS - AGES 20-@ YEARS 


65 
Age ‘yeors) 


Fig. 1—Serum total lipids, total cholesterol, and 
phospholipids. 


osseous pain; drugs for senile agitation, tremor, and spasticity; instructions to 
prevent accidents, and the value of rehabilitation. The findings and results are 
presented by illustrated legends. 
RESULTS 
THe Lasoratory: New Metuops, New Apparatus, NEw Concerts 

Blood Chemistry Studies ——Creatinine and nonprotein nitrogen values show no 
significant variations in any age group. C'*-labeled cholesterol studies are incon- 
clusive to date concerning factors involved in formation of atheromatous lesions. 

There are no characteristic abnormalities of the blood cell counts in healthy 
persons over the age of 60. There is a tendency for the older person to show a 
slight average decrease in the red blood cell count and percentage of hemoglobin. 
However, this is not below the minimal normal for younger persons. 


Cholesterol values, except for an insignificant rise in the group of older women, 
show no significant variations in any age group. Phospholipid .values show no 
variation. Total lipids decrease significantly after the “threshold” age group (60 to 
75 years). There is no difference between the male and female groups. High 
cholesterol values do not imply gross existing atherosclerosis (Fig. 1). 

Abnormal ratios of phospholipids to cholesterol may occur when one component 
is altered disproportionately in comparison with the other component. One cannot 
assume that atherogenesis is more pronounced in the aged because of a phospholipid- 
cholesterol (P/C) ratio below 1.00, compared with 1.10 in the younger person. 
The P/C ratio is not constant, and ratios below 1.00 cannot always be considered 
suggestive of overt vascular disturbance or as an index of atherogenesis (Fig. 2). 

Ultracentrifuge Techniques: Lipoprotein Molecules and Atherogenic Index.— 
By utilizing a highly specialized self-contained ultracentrifuge apparatus, it is 
possible to record, automatically, at repeated intervals, the particle size or molecular 
weight (by virtue of refractive gradients) of serum lipoproteins. The so-called 
standard classes of serum lipoproteins are the S- 0-12 and the S-¢ 12-400. These 
classes were found to be elevated in groups with frank coronary disease. It has 
been maintained that until the age of 60 years the elevation of these classes is in 
agreement with the finding “that severe atherosclerosis does not inevitably accom- 
pany chronological aging.” Hence, after many years, we have at our disposal a 
method for the possible prognostication and diagnosis of atherosclerosis (Fig. 3). 
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ATHEROSCLEROSIS IN THE AGED 


"NORMAL" PAPER ELECTROPHORESIS PATTERN “ABNORMAL” PAPER ELECTROPHORESIS PATTERN 
A. Protein Distribution 8 Lipid Distribution Protein Distnbution 8 Lipid Distribution 
Group Group i | Aino | ‘Geto 
| | Group Group 
| 
ii 7 
| | 
if \ i rm 4 
\ | | \ | | 
\ fase, | 


Fig. 7—Normal pattern: protein distribu- Fig. 8—Abnormal old age group pattern: 
tion: Albumin, 60%; «@, fraction, 3%; a protein distribution: Y, high; “a6 low. 
fraction, 8%; B fraction, 11%; 7 fraction, Albumin, 46%; 1, 4%; a, 4.6%; B, 15.1%; 
18%. Lipid distribution: 60% lipids in beta ¥, 31%. Lipid distribution: abnormal shift in 
group (corresponds to region of beta and beta group; 80% lipids in beta group; 20% in 
gamma proteins); 40% in the alpha group alpha group. 

(corresponds to albumin, 4 and a2). 


“ABNORMAL” PAPER ELECTROPHORESIS PATTERN 
Young Age Group 


Fig. 9.—Example of an abnormal paper electro- 
phoresis pattern in normal patients, 17 to 46 years 
of age. A, protein distribution, normal. B, lipid 
distribution shows increased beta and decreased 
alpha group values. 


The S¢ 0-12 and S- 12-400 classes of lipoproteins rise from age 25 until the 
“threshold” is attained, and then there is a reversal of trends. No previous cor- 
related studies in the 80- to 100-year-old group are available for comparisons. 
Serum lipoprotein determinations of S- 0-12 and S- 12-400 class do not demonstrate 
any correlations with serum cholesterol values (Figs. 1 and 3). 

In the male and female patients there is a correlation between total cholesterol 
and the Sy 12-20 molecules, but not in other fractions. Hypocholesteremia may 
exist in the same patient with increased standard Sy lipoprotein fractions. (Figs. 4 
and 5 
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TABLE II 


SERUM LIPID PARTITIONS, SF LIPOPROTEIN MOLECULES, AND ATHEROGENIO 
INDEX IN TWO DIFFERENT AGE GROUPS. (MALE AND FEMALE) 


A. Old Age Group 
(Increased Values* ) 


Serum Lipid Partition 


Sf Lipoprotein Molecules = Mg per cent 
Female Mg per cent be 3 
No. Name Years 0-12 12-400 12-20 20-100 2 
2 E.V. 80 208 37 15 8 28 487 173 150 
3 M. H. yz 335 40 28 6 40 634 266 187 
A.H. 93 424 213 64 114 80° 575 238 127 
5 R. B. 91 431 189 55 102 76* 649 252 152 
Average Patients Years 305 128 43 46 53.2 645 230 192 
Male 
6 J.L. 90 240 174 39 66 «(55 521 177 192 
7 W.B. 82 284 126 40 28 «450 576 198 194 
& M.G. 94 287 150 37 20 «55 619 184 201 
9 H.C. 94 281 35 28 8 24 596 260 175 
10 F.M. 93 444 277 64 73 =: 93° 595 178 190 
11 B.M. 89 861 197 218 
Mean Maile 80-100 
Average Patients Years 293 131 36 43 «53 611 203 194 
B. Young Age (Group 
Male 
12 44 366 215 132 74 
13 J.G. 46 280 v7 22 60 45 
14 M. M. 33 395 142 46 70 64 
Mean 
Average. ->_ 206 75 108 74 
Female 
15 ?. 17 297 44 45 
16 P.R. 25 367 +0 31 3 44 
17 M.W. 35 47% 42 4 3305 
Mean 
Average 304 187 53 63 


For Normal Middle A 
Pationts 861 197 218 


The Atherogenic Index: An ideal compendium of the pertinent information on 
lipoproteins would be a single number descriptive of a person’s atherogenic poten- 
tialities. This is the atherogenic index, and is derived from the following formula 
( Fig. 6): 
mg/100 cc. Standard S¢ 0-124 1.75 Xmg/100 ce. Standard St 12-400 

10 


The average S- 0-12 and Sy 12-400 lipoprotein molecules and atherogenic index 
values for ages 20 to 100 are presented in Table I. 


Atherogenic Index= 


Electrophoresis.—One purpose of the investigation was to determine whether 
the rise in £-globulin in aged patients’ sera is related to the increased level of 
specific macromolecular lipoprotein components. The -globulin fraction contains 
an appreciable percentage of serum lipids bound in the form of B-lipoproteins. Some 
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ATHEROSCLEROSIS IN THE AGED 


TABLE 


PROTEIN AND LIPOPROTEIN DISTRIBUTION IN THE BIOOD SERUM OF HUMAN 
SUBJECTS BELONGING TO TWO DIFFERENT AGE GROUPS AS DETERMINED 
BY PAPER ELECTROPHORESIS 
A. Old Age Group 


Age Relative Lipo- 
No. Name Sex Yrs. Relative Protein Distribution Ratio protein Distribution 


Group Group Ratio 
« 


2. E. Vv. F 80 54.0 4.3 7.88 149 19.1 1.17 30.2 70.4 2.3 

3. M.M. F 92 51.1 4.3 10.0 6.1 28.6 1.05 45.8 50.3 11 
4. A.H. F 93 66.7 47 187 1389 1.31 32.2 67.9 2.1 
5. R. B. PF 91 59.9 3.3 81 11.0 17.8 149 40.6 59.5 14 
6. JL. M 90 54.0 6.8 80 14.2 17.0 1.17 28.6 71.4 2.5 
W.B. M 43.3 4.1 109 109 0.76 40.7 58.8 14 
8. M.G. M 94 52.6 3.9 9.1 12.32 22.3 1.11) 34.9 65.6 1.9 
9. H.C. M 94 43.0 38 10.2 116 60.75 40.1 60.2 
10. P.M. 93 45.7 4.0 46 15.1 30.6" 0.84 214 78.9" 3.7 
11. B. M. 8&9 42.0 69 W7 18.3% 22.1 0.74 13.6 86.5° 6.5 
Average 90 50.2 4.6 9.2 12.6 23.4 104 32.8 66.9 24 

B. Younger Age Group 

13. J.G. M 46 a) 54.1 4.8 11.2 13.6 16.3 1.18 $3.7 67.3 2.0 
b) 57.8 3.5 68 133 18.5 137 37.1 63.2 
14. M.M. M 33 67.8 5.0 6.0 85 12.7 2.10 39.8 60.2 1.5 
15. iP. F 17 56.1 4.2 66 122 20.8 1.28 30.1 69.8 23 
16. P.R. $5 63.9 4.2 59 #105 15.5 1.77 21.1 79.9° 3.7 
17, M.W. F 35 61.7 3.5 8.5 94 16.9 161 25.6 20 

Average 33 61.0 4.0 76 112 15.9 159 28.5 719 


*Inereased Values 


correlations between electrophoretic studies and ultracentrifuge results were there- 
fore sought. The extreme simplicity of the apparatus required for the electro- 
phoretic separation of serum proteins and lipid distribution on filter paper makes 
it possible for such a specialized diagnostic tool to be used more frequently and 
economically. Three typical studies are illustrated in Figures 7, 8, and 9. 

The arithmetic mean values of the serum lipid partitions, S¢ lipoprotein mole- 
cules, and the atherogenic index in normal patients (young and old) are noted 
in Table II. This confirms the observations that an increase of the S- lipoprotein 
molecules need not be accompanied by an increase in the total cholesterol or lipid 
partitions, and vice versa (Table IL). 

The average values by paper electrophoresis for the alpha and beta groups as 
well as the ratio of the beta to alpha lipoproteins were practically the same in the 
old age and the younger age groups (Table III). 

The increased -lipoprotein values do not occur in these persons in the old-age 
group who have increased S¢- lipoprotein molecules and increased serum lipid 
partitions. There is no clear-cut correlation between the chemical serum lipid 
partitions, S- lipoprotein molecules by the ultracentrifugal method, and the lipid dis- 
tribution diagram (lipidogram) by paper electrophoresis. 


X-Ray Stupies 
1. Thoracic Aorta——The roentgenograms of 1000 patients were surveyed for 
calcification of the thoracic aorta. Posterior-anterior views were studied and meas- 
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ured. Routine chest films of patients aged 50 to 100 years were charted, and the 
findings are shown in Figure 10. 

It appears that the curves obtained from the serum lipoprotein classes and the 
atherogenic index do not coincide with the curve of calcification incidence as 
accurately as they do with the incidence of aortic dilatation. Of the 750 patients 
aged 50 to 100 years, 50% of the men and 70% of the women showed calcification. 
In the 80- to 100-year-old group, of 335 patients, 67% of the men and 94% of 
the women had calcification of the thoracic aorta. Calcification of the thoracic 
aorta progresses with age in both sexes, starting with a steeply ascending curve 
which flattens gradually when the higher age groups are reached. This process 
progresses more rapidly in women than in men. After 60 years the ratio between 
the calcification in men and women becomes almost 2: 3 and remains fairly constant 
with increasing age, after the “threshold age” (Fig. 10). 

Marked differences in width of aortic knob were classified as (1) N, normal 
width: 3 cm. for women; 3.2 for men; (2) M, moderate widening: 3 to 4.2 cm. 
for women; 3.2 to 4.5 cm. for men; (3) C, considerable widening: greater than 4.2 
cm. for women; 4.5 cm. for men (Figs. 11 and 12). 

2. Abdominal Aorta.—A survey of 200 patients ranging from 60 to 100 years 
of age was made. Calcification of the abdominal aorta is slightly less than calcifica- 
tion of the thoracic aorta in comparable groups. Progression and sex differences in 
calcification of the abdominal aorta follow a pattern similar to that in calcification 
of the thoracic aorta. There is a greater percentage incidence in the female group 
(85%) than in the male group (58%) (Fig. 13). 

3. Femoral Arteries.—Calcification of the femoral arteries is slightly less than 
that of the aorta. Progression follows a pattern similar to that of the aorta. 
Progression is more rapid in women (79% ) than in men (63% ), but sex differences 
are somewhat less pronounced than in aortic calcifications (Fig. 14). 


Comment.—For each age group, the incidence of calcification increases with age, 
being more advanced in women than in men. The incidence of dilatation of the 
aorta decreases after age 75, while that of calcification increases. Calcification of 
the aorta does not coincide with the biochemical findings, whereas dilatation does. 

Typical x-ray findings, in patients 80 to 100 years old who demonstrated 
noticeable declines in the serum lipoprotein classes and blood lipid values, are 
shown in Figures 15, 16, 17, and 18. 


ELECTROCARDIOGRAMS 
A gradually increasing sclerosis of the coronary vessels occurs as part of the 
normal aging process. Some changes not acceptable as normal in the young adult 
may be so considered with advanced age. No hard and fast rule can be laid down 
as to what may be called normal or abnormal in the aged. There is no characteristic 
electrocardiographic tracing of old age. Electrocardiograms of 200 patients 80 to 
100 years old revealed that 71% of the older group were within normal limits. 
Almost all showed some degree of left axis deviation. Abnormalities were found 
in 29%, with right bundle branch block in 11%, conduction disturbances in 7%, 
old infarctions in 5%, left ventricular strain in 3%, and miscellaneous abnormalities 
in 3%. 
BALLISTOCARDIOGRAMS 
The ballistocardiograph registers body movements produced by the projection 
of the instantaneous spatial vector along the head-foot axis and performs according 
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ATHEROSCLEROSIS IN THE AGED 


to the law of vibration mechanics. Recording techniques, which are still far from 
perfect, produce curves which are merely the result of the harmonic vibration of 
the human body, on which are superimposed the motions produced by cardio- 
vascular forces. The techniques, as used in the aged, are greatly open to criticism 
because of many factors, such as rigidity, fear, inability to relax completely, and 
bodily distortions so common in the elderly. The distortion of the ballistocardio- 
gram by extracardiac forces—chiefly aortic rigidity—is noticeable in the aged. Fewer 
than 20% of our records were within normal range. 


Eye Stupies (OPHTHALMOSCOPY ) 


Despite normal blood pressure readings, all patients revealed moderate to 
advanced arteriosclerotic changes of the retinal vessels. These patients may have 
had some intermittent periods of hypertension, thus having an irreversible change 
in the retinal vessels similar to that of a hypertensive. Having survived these 
crises, the patients have been able to carry on with diminishing blood pressure 
tension values without incurring other retinal pathology. 


The tortuosity of the retinal vessels appears first in the periphery. As the 
degree of arteriosclerosis progresses, tortuosity becomes more evident in the vessels 
near the optic disk. The degree of arteriosclerotic changes in the retinal vessels may 
be classified as follows: 1-+-, tortuosity at the extreme periphery of the vessels; 
2+, tortuosity starting two disk diameters from the nerve head, small discrete 
exudates, and hemorrhage, with some indentation of the crossing vessels; 3+, 
tortuosity of all the vessels of the retina, with marked indentation where vessels 
cross, and larger exudates and hemorrhages, extending throughout the retina; 4+, 
similar to 3+, with closure of several vessels; areas of atrophy, pigmentation, and 
hemorrhage, and changes in the optic disk, with varying degrees of papilledema. 


PATHOLOGIC STUDIES 

The changes seen in the aorta and coronary arteries are those which have been 
characteristically described by many authors as occurring in arteriosclerosis. This 
term is being used generically, without our entering into the problem of the primacy 
of intimal or medial lesions, of elastic tissue degeneration, of lipid imbibition, or 
of ground substance alteration (Figs. 19 and 20). 

In the aorta, one finds varying degrees of thickening of the intima by fibrous 
connective tissue, splitting and hyperplasia of the internal elastic membrane, and 
“mucoid” degeneration of the intima, most frequently in its deeper layers (Fig. 21). 
Frequently, comparable changes were present in varying depths of the contiguous 
media. Also seen was a diminution in metachromatic substance in these areas of 
the intima and media as well as cholesterol clefts, lipid globules, and caicification. 
Stippled calcifications were frequently present in the media. In occasional sites, 
clusters of foam cells were noted in the superficial portions of the intima (Fig. 22). 
Interestingly enough, they were most prominent in our cases with the lowest 
atherogenic index. 

The coronary artery changes were also qualitatively similar to those seen in 
the 50- to 80-year-old group, but they were much severer. These changes are 
similar to those noted in the aorta—the one difference being that the media and 
internal elastic membrane were frequently bulged and thinned by the underlying 
arteriosclerotic process rather than being involved by degenerative changes, as 
in the aorta. 
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ATHEROSCLEROSIS IN THE AGED 


Fig. 23.—Aortic arch and thoracic aorta 
demonstrating severe arteriosclerosis with 
marked “atheromatous” ulceration. This 
patient is typical of a large group of 90- 
year-old persons who had low blood lipids, 
low serum lipoprotein fractions, and nor- 
mal ECG tracing and were considered to 
be “normal atherosclerotics.” The x-ray 
revealed marked calcification, and the 
aortic arch measured 4.5 cm. 


The pathological (autopsy) findings are somewhat equivocal. They show no 
appreciable correlation with chemical laboratory results but do with x-ray findings. 
In some of the aortas examined, evidence of lipid imbibition was found in the 
innermost coats. This is similar to the early changes found in the aortas of rabbits 
which are fed large amounts of cholesterol, as in the studies of Anitschkow 
(Fig. 21b and c). 

There was no correlation of the pathologic findings with those of the clinical 
laboratory. There was good correlation with roentgenogram findings. However, 
the difference between medial and intimal calcification cannot be differentiated on 
X-ray examination, as shown in Figures 23, 24, and 25. 


CONCLUSIONS AND SUMMARY 


This exhibit presents a study of normal persons aged 80 to 100 years, with no 
previous metabolic, coronary artery, or cardiovascular diseases. Serum lipid parti- 
tions, analytical ultracentrifugal lipoprotein fractions, paper electrophoresis (includ- 


Fig. 24—Arch and thoracic aorta, 
showing severe arteriosclerosis with 
marked atheromatous intimal changes 
with ulceration. 
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A. M. A. ARCHIVES OF INTERNAL MEDICINE 


ing lipidograms ), x-rays, electrocardiograms, ballistocardiograms, and serial patho- 
logical findings were correlated and compared with similar studies of younger 
subjects (25 to 80 years). 

A “threshold” occurs in the 60- to 75-year-old group, after which there is a 
reversal of biochemical and/or physical processes. Correlated x-ray and biochemical 
data in the presence of microscopic atherosclerosis were found, which are not in 
agreement with previously accepted criteria (Fig. 26). 

Life may be divided into a race of four “hurdles” or groups (Fig 26): (a) 
youth—infectious diseases ; (b) middle age—coronary and heart diseases; (c) late 
middle age—malignant diseases; “threshold age’—biochemical processes reverse 
(60 to 75 years) ; (d) old age—frequent accidents. 

“Threshold age’”—60 to 75 years: Our studies have shown that at the age of 
60 to 75 years the trend to increase of total lipids, certain serum lipoproteins, the 
atherogenic index, and the incidence of aortic dilatation is reversed. These values 
begin to decline. This is due to some invisible, not clearly understood, barrier. 


Fig. 25.—Thoracic and 
abdominal aorta. Moder- 
ate arterioscierosis with 
slight atheromatous 
changes of the thoracic 
aorta and severe athero- 
matous changes of the ab- 
dominal aorta. Again, as 
with the preceding 
changes (Figs. 15, 16, and 
17), there were no signifi- 
cant biochemical changes. 
Moderate x-ray calcifica- 
tion and aortic arch dila- 
tation were found. 


Whether it is due to a degenerative process attributable to metabolic and/or 
enzymatic imbalances can not be answered at present. The values reach the levels 
found in middle age. These normal aged persons thus acquire their “second youth” 
again, and this may explain why they attain such an age of 80 to 100 years. 

The diagnostic survey and summary of our studies in normal persons aged 
80 to 100 years—the methods utilized, the findings obtained, and the clinical values, 
with new concepts, are shown in Table IV. 

New laboratory and technical concepts (Fig. 26): The new laboratory concepts 
reveal that values of blood lipids, such as total cholesterol and phospholipids, are 
inconclusive. A ratio of phospholipid to cholesterol (P/C ratio) less than 1.00 
does not imply atherosclerosis. The upward trends of values of ultracentrifuge 
lipoproteins and the atherogenic index become reversed in the “threshold age.” 
Results with electrophoresis (paper method) present no direct correlation with 
those of the ultracentrifuge methods. There are no typical “electrocardiograms 
of the aged,” since 71% of these persons presented a normal pattern. Ballisto- 
cardiograms are unsatisfactory because of technical difficulties caused by rigidity 
and tremors. Elevated blood pressure readings in the aged usually are not normal. 


372 


: 
; 
if 
a i 
« 


ATHEROSCLEROSIS IN THE AGED 


Reto 
$4 0-12 (my 
Lipids 
| 50 200+ 2 
index (units) 
401 160 
| 
120; 


Fig. 26.—Biochemical and roentgenological data in nermal persons aged 25 to 100 years. 
All findings increase until the “threshold age,” of 60 to 75, after which there is a decline, or 


reversal, of trends. The division of life into a race of four “hurdles” or groups is presented. 


Ophthalmoscopy (eye ground examination) is a supportive method for diagnosing 
arteriosclerosis. A classification for the degree of arteriosclerotic changes in the 
retinal vessels is offered (Table IV). 

New roentgenological concepts and interpretations have resulted from this study. 
Calcification of the aorta progresses more rapidly in women. There is a sharp rise 
until the “threshold age.”” Then, there is comparatively a slight increase. Aortic 
dilatation is more frequent in men. As it reaches the “threshold age,” around 70 to 
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80 years, the incidence decreases with age in both sexes. Marked aortic widening 
is usually not associated with marked calcification in either sex. Calcification of 


the aorta does not coincide with the biochemical findngs, while dilatation does. 


Pathological (autopsy) findings are somewhat equivocal. They show no appre- 
ciable correlation with chemical laboratory findings but do with x-ray findings. 


In some of the aortas examined, evidence of lipid imbibition was found in the 


innermost coats. This is similar to the early changes found in the aortas of rabbits 


TABLE IM SUMM:RY OF RESULTS IN AGE GROUP 80 - 100 YEARS 


METHODS FINDINGS VALUE 
Cholestcrol Slightly elevated in females ? 
Cholesterol esters No significant change ie) 
Phospholipid No significant change fe) 
Total Lipids Marked decline ? 
Creatinine No significant change 0 
Non-protein nitrogen No significant change 0 
Blood count Slight decrease in RBC and hemoglobin O 
P/C Ratio Statieticilly inconclusive 0 
Ultracentrifuge Lipoprotein classes reversed ? 

4thcrogenic Index reversed ? 
Electrophoresis No clesr cut corrclation with ? 
ultracentrifuge methods 
Chylomicron count Statistically inconclusive ? 
sortic x-rays Dilatation of the aorta may be more 
significant thin the presence cr 
amount of calcification 
Cphtnalmoscopy Possibility of newer classification e 
with relationship of amount of 
sclerosis to distance from optic dise, 
Electrocardiogram 71% within hormal limits + 
Ballistocirdiogram Technicil difficulties still great ? 
Pathology In a state of grert flux, Entire ? 


stitus in process of being 


re-evaluited 


which are fed large amounts of cholesterol, as in the studies of Anitschkow, and is 


considered by some to similate “active atherosclerosis.” 


Tue Roie oF THE GERIATRICIAN 


Our studies have given hope and a nondefeatist attitude in treating geriatric 


persons. There are many procedures the physician should “do” and “not do” 


(Table V). 
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diminished ; tremors and spasticity may be helped. Pain from osteoporosis (thinning 
of the bones) may be relieved by hormones. Since this is the hurdle (or group) 
of accidents, these persons must be instructed to minimize accidents. Rehabilitation 
has become an important aid to comfort these oldsters and alleviate their troubles. 


The physician, because of our studies, is warned not to prescribe therapy or 
perform procedures that may be harmful—not to prescribe low-calorie low-fat 


_WHAT THE GERIATRICIAN 
SHOULD DO Do 


Liberal balanced dict. Corroct obesity || Low caloric-low fat diet 


Use only if liver is damaged or fatty 


|| Not specific for human 


atherosclerosis 


Control by anti-hypertensive agents 


Should not be disre- 
garded, "levated blood 
pressure in aged 
abnormal. 


Dolibertte exomimition. Vasodilators- 
proper hygiene and physical measures, 
Fect lowered; skin soft; shoes wide. 


| Extremes of temperature 
Jlocally. No tight or 
elastic bandages. 


Examination for cataracts, giaucoma, 
vitreous opicitics ind retinal changes 


atropine for dilatation 
and examination of eyes. 


Waiter soluble bio-flavinoid compounds 


Local cye applications 
of extreme heat and cold. 
Promiscuous use of 
antibiotics locally. 


Chlorpromazine and chloral usuilly 
safe and effective. 


Barbiturates in aged may 
cause further excitation 


Proper selection ind combination of 
drugs for Akincsia, rigidity and 
tremor. 


ing; allow distorted 
body posture. 


Androgens ind estrogens (simultan- 
eously) often relicvo pain from 
osteoporosis 


Analgesics alone merely 
mask osscous pain and 
of no dircct value. 


Heparin safer than oral ainti- 
coigulants 


Oril anticongulants 
dangerous in liver, 
renal, ind ulcerating 
pathology. 


Instructions - to minimize accidents 
such 1s hip frictures - common 
type in the .¢¢cd. 


ACCIDENTS 


Allow .ged to vegetate,. 


ABILIT «TION Graded physicil exercise and mental 


loccupition, ‘Yell planned environment, 


diets ; not to give lipotropic agents, except if the liver is damaged or fatty ; not to 
ignore elevated blood pressure; not to use atropine or local antibiotic preparations 
promiscuously for eye conditions; not to give excessive barbiturate preparations. 
Do not immobilize nor splint, nor permit these patients to assume a distorted body 
posture. Oral anticoagulants are dangerous in liver, renal, and ulcerating (ulcer) 


pathology. Do not allow the aged to vegetate, and do not assume a “do nothing” 
attitude. 


‘dapt a dofeatist 
attitude and "do 
nothing". 


and othor harmful effects 


Immobilization; splint- | 


| 
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MONCKEBERG’S ARTERIOSCLEROSIS 


SAMUEL SILBERT, M.D. 
HEINZ |. LIPPMANN, M.D. 
AND 
ELIAS GORDON, M.D. 
New York 


ONCKEBERG’S arteriosclerosis is a clinically benign form of calcification 
of the blood vessels. Needless anxiety results from failure to differentiate 


this condition from intimal arteriosclerosis. Intimal arteriosclerosis often goes on 


to progressive occlusion of the blood vessels and carries an unfavorable prognosis. 


In Monckeberg’s arteriosclerosis, thrombosis of the blood vessels in the extremities 


does not occur, and in patients who have been observed for many years there 


has been no tendency to develop impaired circulation. 


The clinical characteristics that distinguish Monckeberg’s arteriosclerosis from 


other forms are extreme calcification of the arteries of the lower extremities in 


young and middle-aged persons who have no symptoms or signs of impaired circula- 


tion. Calcification of the blood vessels is usually discovered by accident when a 


roentgenogram is made for arthritis, fracture, or some other bone or joint con- 


dition, There are no complaints of coldness or pain in the legs or difficulty in 


walking. All pulsations are easily felt in both feet and are normal in size. Oscillo- 


metric and temperature studies indicate a normal blood flow. 


The prognosis in Ménckeberg’s arteriosclerosis is good. There is no tendency 


to develop intermittent claudication, ulceration, or gangrene. No treatment of 


any kind is necessary. Nocturnal leg cramps occur in one-third of the cases and 


can be promptly relieved by calcium lactate given orally. 


Pathologically, Monckeberg’s arteriosclerosis is characterized by a deposit of 


calcium in the media of the arteries, believed to be due to calcific dystrophy of 


the media ground substance. There is no thickening of the intimal layer, which 


is the most striking feature of intimal arteriosclerosis, and the blood vessel lumen 


is therefore not narrowed. The surface of the intima remains uninjured, and 


thrombosis does not occur. 


Roentgenologically, typical cases show dense uniform calcification, which out- 


lines the major arteries and their branches. The calcium appears to be deposited 


in transverse lines, giving the appearance of a chain of rings similar to a goose 


neck. In contrast, calcification in intimal arteriosclerosis is patchy, dispersed, and 


tends to be deposited in the long axis of the blood vessels. 


1126 Park Ave. (28). 


Submitted for publication June 27, 1955. 
Shown as a scientific exhibit of the Section on Internal Medicine at the 104th Annual Meeting 
of the American Medical Association, Atlantic City, June 6-10, 1955. 
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Positions for Visualizing Arterial 
Calcifications in the Lower Extremities 


To show calcifications in the arteries in To show calcifications in arteries in the region 
front of and behind the ankles. of the interosseous membranes. 


Patient sit: tab! ond Patient lies . The foot is turned in about 45 degrees. 
if patient able to turn bath feet in so that they make on 
nees as ir apa as possi 
film. If not, two separate exposures must be made, one of each 
leg turned in, so the foot is about 45 degrees from horizontal 


To show calcifications in the femoral To show calcifications in the femoral and 
and popliteal areas. popliteal areas. 


: 
i 
4 


Patient lies on left side with the thighs Patient lies on right side with the thighs medial 
medial surface up and knee moderately bent. surface up and knee moderately bent. The 
i ing Xr is moved extremity not being X-rayed is moved aside, 


: 
he + 
; aside, so as out 7 as picture. 
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MONCKEBERG’S SCLEROSIS 


UNCOMPLICATED MONCKEBERGS SCLEROSIS 


STATISTICAL DATA 


| TOTAL NUMBER Or CASES.....,....57 


SEX; 

AGE WHEN FIRST DIAGNOSED .. .27 to 69 | 

ASSOCIATED CONDITIONS‘ 

| Osteo-arthritis of spine. eee, | 

Diabetes mellitus ........... 2 

Submandibular calculi ....... 1 

| 

Paget's Disease ........... 1 | 

FOLLOW-UP AVERAGE ...... 62 years 


(from | to 18 years) 


Thrombosis of peripheral arteries has not been No treatment is necessary. : 


noted in any of our cases | j : 
‘ } Nocturnal leg cramps occur in one-third 


Gangrene has never developed. of cases and can be promptly relieved by 


No case ever required amputation. calcium lactate given orally. 
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News and Comment 


ANNOUNCEMENTS 


Survey of Internal Medicine.—A thirteen-part seminar consisting of a survey of the field 
of internal medicine by means of lectures and case demonstrations in the various medical special- 
ties is being offered from April 9 through June 1 by the Post-Graduate Medical School, a unit 
of the New York University-Bellevue Medical Center. The seminar may be taken in a whole by 
physicians wishing to prepare for Board examinations or in part by those who desire a review 
of particular subjects. 

The seminar is given under the direction of Prof. Charles F. Wilkinson Jr. The class is limited 
to twenty. Tuition for the entire course is $250.00. 

The individual sections of the course are as follows: Arthritis and Allied Rheumatic Dis- 

* orders, Allergy, Cardiology, Clinical Hematology, Clinical Electrocardiography, Normal and 
Pathological Physiology: Functional and Chemical Aspects, Problems in Diagnosis, Acute and 
Chronic Diseases of the Chest, Endocrinology, Diseases of the Liver and Biliary Tract, Gastro- 
enterology, Nephritis and Hypertension, and Peripheral Vascular Disease. 

Further information and applications may be obtained from the Dean, Post-Graduate Medical 
School, 550 First Ave., New York 3. 


Eleventh Annual Schering Award Competition.—The Schering Award has begun its 
eleventh annual program for medical students in the United States and Canada. 

Students are invited to participate by selecting one of three suggested subjects and submitting 
papers to the Schering Award Committee, Bloomfield, N. J. Both a $500 first prize and a $250 
second prize are offered for each of the three subjects. Decisions are made by a group of judges 
who are authorities in their respective fields. In addition, every participant in the contest receives 
a professionally useful gift. 

The three subjects for 1956, announced by C. J. Szmal, M.D., chairman of the Schering 
Award Committee, are the following : 

1. The Clinical Use of Adrenocortical Steroids in Collagen Diseases 

2. Metabolic Aspects of the Aging Process 

3. New Applications of Antihistamines in Medicine and Surgery 

Literature and entry forms are being distributed in the medical schools. Students who are 
interested in participating, either individually or in teams, should submit their entry forms before 
July 1, 1956, and manuscripts must be postmarked not later than Sept. 30, 1956. 


Research in Allergy and Infectious Diseases.—An expanded program of research in 
allergy and infectious diseases has been announced by Dr. Leonard A. Scheele, Surgeon General 
of the Public Health Service, U. S. Department of Health, Education, and Welfare. 

This program will be administered by the National Microbiological Institute, which is being 
redesignated as the National Institute of Allergy and Infectious Diseases, Dr. Scheele said. The 
Institute will also support long-term basic studies in these fields through grants to research 
scientists in the Nation’s universities and medical schools. An increase of $3,200,000 will be 
sought for this program for fiscal year 1957. 

“The renaming of the Institute,” the Surgeon General said, “reflects the importance of the 

: new research program on allergies andthe close relationship of such research with the study of 
= infectious diseases. Investigations of allergy are closely allied to the science of immunology, 
: which is also fundamental to investigation of the infectious and parasitic diseases.” 

A separate national advisory council on allergy and infectious diseases is being established to 
make recommendations to the Surgeon General regarding the new grant and training activities. 
Heretofore, the National Advisory Health Council has advised the Surgeon General on grants 
for infectious disease research as well as grants for research in other medical and public health 
fields which are not covered by a specific Institute. 
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International Society of Hematology, Sixth Congress.—The time and location of the 
Congress will be different from the original announcement. The date has been moved forward 
one week, to Aug. 26-Sept. 1, inclusive. The convention site has been shifted to the Hotel Somer- 
set, Boston. 

The officers of the Congress are as follows: Dr. William Dameshek, President; Dr. James L. 
Tullis, Vice-President and Treasurer; Dr. William C. Moloney, Secretary; Dr. A. Richardson 
Jones, Assistant Secretary; Dr. Frank Gardner, Assistant Treasurer. 

The Sixth Congress of the International Transfusion Society, under the Presidency of Dr. I. S. 
Ravdin, will be held on Sept. 3-5, inclusive, also at the Hotel Somerset. Combined sessions of the 
two Congresses are tentatively scheduled for Saturday, Sept. 1, and Monday, Sept. 3. This 
will permit integration of the immunohematology part of both programs in joint sessions. 

The official Travel Agency for the Congress is the World Travel Plan Corp., affiliate of the 
Hotel Plan of Switzerland. Arrangements for travel may be made directly with World Travel 
Plan Corp., 125 E. 50th St., New York 22. 

Among the speakers who so far have accepted assignments are the following: Leukemia: 
Joseph H. Burchenal, New York; Giovanni Di Guglielmo, Rome; Alexander Haddow, London; 
Antoine Lacassagne, Paris; R. Latarjet, France; Samuel Martin, Durham, N. C.; Michael B. 
Shimkin, Bethesda, Md.; William N. Valentine, Los Angeles. Nucleonics: W. M. Court Brown, 
London; B. Chr. Christensen, Copenhagen; Clement Finch, Seattle; Leonard Hamilton, New 
York; W. V. Mayneord, London; Edward H. Reinhard, St. Louis; Joseph F. Ross, Los Angeles; 
Louis Wasserman, New York. Hemorrhagic Disorders: Tage Astrup, Copenhagen; Kenneth 
M. Brinkhous, Chapel Hill, N. C.; Erwin Deutsch, Vienna; F. Koller, Zurich; Oscar D. Ratnoff, 
Cleveland; Walter H. Seegers, Detroit. Anemia: Sheila Callender, Oxford; William B. Castle, 
Boston; J. B. Marshall Chalmers, Birmingham, England; Sir Stanley Davidson, Edinburgh; 
Conrad Gasser, Zurich; R. H. Girdwood, Edinburgh; Ludwik Heilmeyer, Freiburg, i. Br.; 
Hermann Lehmann, London; Carl V. Moore, St. Louis; James Neel, Ann Arbor, Mich.; Wolf 
W. Zuelzer, Detroit. Immunohematology: J. F. Ackroyd, London; Jean Bernard, Paris; William 
C. Boyd, Boston; Jean Dausset, Paris; Sabine Filitti- Wurmser, Paris; F. L. J. Jordan, Utrecht; 
P. Mieschler, Basel; Sven Moeschlin, Solothurn, Switzerland. 

Three simultaneous multiple sessions and panel (group) discussions will be held each after- 
noon (except Wednesday). Ten-minute papers will be followed by discussion. Those desiring 
to submit papers will please send abstracts (up to 300 words) by March 1, 1956. 


Topics in Clinical Medicine.—The Department of Medicine of The Johns Hopkins 
Hospital and The Johns Hopkins University School of Medicine is offering “Topics in Clinical 
Medicine,” a six-day postgraduate course for physicians primarily interested in internal medicine, 
May 7 to 12, 1956. The course is under the direction of Dr. A. M. Harvey, professor and head of 
the department of medicine, and all formal sessions will be held in Hurd Memorial Hall, at the 
Hospital. 

The discussions will deal with recent and significant advances in areas of general clinical 
interest, and all presentations will be related to the diagnosis and management of patients. Where 
possible, discussions will be illustrated by clinical demonstrations. The mornings will be generally 
given over to consideration of specific disease problems, and the afternoons, to symposia and panel 
discussions devoted to the broad fields of hematology, cardiovascular-renal abnormalities, disorders 
of connective tissue, infectious disease, and endocrine and metabolic disturbances. Several points 
of view will be represented on each panel, with adequate time reserved for questions and general 
discussion. 


A clinical pathological conference will be held during the course of the week, preceded by a 
discussion of “The Approach to Differential Diagnosis.” The course will be brought to a con- 
clusion at Medical Grand Rounds, at which interesting cases selected from the wards will be 


presented. 


Registration for the course will be limited to 150 physicians. Registration blanks and further 
information may be obtained by writing to Dr. Philip A. Tumulty, Department of Medicine, The 
Johns Hopkins Hospital, Baltimore 5. 
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Regional Meeting of the American College of Gastroenterology.—A regional meeting 
of the Southern Region of the American College of Gastroenterology will be held in New Orleans, 
on Sunday, April 8, 1956. The Scientific Sessions will be held in the auditorium of the Louisiana 
State University School of Medicine, commencing at 2:00 p. m. 

Members of the medical profession are cordially invited to attend. A copy of the program 
may be obtained from the Secretary, American College of Gastroenterology, 33 West 60th St., 
New York 23. 


The Third National Cancer Conference.—The American Cancer Society and the National 
Cancer Institute of the Public Health Service, Department of Health, Education, and Welfare, 
will jointly sponsor the Third National Cancer Conference, in Detroit, June 4, 5, and 6. More 
than a thousand research scientists and clinicians, including many from foreign countries, are 
expected to attend. 

The opening session of the conference, in the Sheraton-Cadillac Hotel, will feature addresses 
by Dr. John R. Heller, Director of the National Cancer Institute, and Dr. Charles S. Cameron, 
Medical and Scientific Director of the American Cancer Society. Morning and afternoon sessions 
of the three-day meeting will begin with a general session, at which a subject of broad interest 
will be presented by an outstanding speaker. The general sessions will then break into various 
symposia to discuss cancer of different body sites, such as lung, gastrointestinal tract, and 
breast. 

Copies of the conference program and advance registration cards may be obtained from the 
National Cancer Conferences Coordinator, American Cancer Society, 521 West 57th St., 
New York 19. All physicians are invited to attend. 


PERSONAL 


Dr. Samuel Preston Martin.—Dr. Samuel Preston Martin will arrive from Durham, N. C., 
April 1 to begin his duties as new head of the department of medicine in the College of Medicine 
at the University of Florida. He also will be coordinator of the J. Hillis Miller Health Center 
Study, which is supported by the Commonwealth Fund of New York. 

Until his appointment at the University, by President J. Wayne Reitz, Dr. Martin was 
associate professor of medicine and assistant professor of bacteriology at Duke University School 
of Medicine in Durham, where he was a Markle Scholar from 1950 to 1955. 
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Books 


By WILLIAM B. Bean, M.D. 


BOOKS RECEIVED 


Cybernetics: Circular Causal and Feedback Mechanisms in Biological and Social 
Systems; Transactions of the Tenth Conference, April 22, 23, and 24, 1953. Edited 
by Heinz Von Foerster; Assistant Editors, Margaret Mead and Hans Lukas Teuber. Price, 
$2.75. Pp. 100, with one illustration and one photograph. Josiah Macy, Jr. Foundation 
Publications, 16 West 46th St., New York 36, 1955. 


Congenital Heart Disease: Report of the Fourteenth M & R Pediatric Research 
Conference at Los Angeles, Nov. 17-19, 1954. Edited by F. W. Heggeness, Ph.D., M.D. 
Pp. 118, with 28 illustrations and 10 tables. M & R Laboratories, Columbus 16, Ohio, 1955. 


The Role of Algae and Plankton in Medicine. By Morton Schwimmer, M.D., and David 
Schwimmer, M.D., F.A.C.P. Price, $3.75. Pp. 85. Grune & Stratton, Inc., 381 Fourth Ave., 
New York 16, 1955. 


The Complete Medical Guide. By Benjamin F. Miller, M.D. Price, $4.95. Pp. 914, with over 
150 illustrations. Simon & Schuster, 630 Fifth Ave., New York 20, 1956. 


Atlas und kurzgefasstes Lehrbuch der Phonokardiographie und verwandter Unter- 
suchungsmethoden. By Priv.-Doz. Dr. Med. K. Holldack and Dr. Med. D. Wolf. Price, 
$11.80. Pp. 171, with 179 illustrations. Georg Thieme, Herdweg 63, (14a) Stuttgart, Germany, 
1956. 


Differentialdiagnose innerer Krankheiten. By Dr. Robert Hegglin. Price, $16.65. Pp. 678, 
with 372 illustrations. Georg Thieme, Herdweg 63, (14a) Stuttgart, Germany, 1956. 


Lehrbuch der Verdauungskrankheiten. By Prof. Dr. Med. Norbert Henning. Price, $18.35. 
Pp. 562, with 335 illustrations. Georg Thieme, Herdweg 63, (14a) Stuttgart, Germany, 1956. 


Vascular Surgery in World War II. Edited by Daniel C. Elkin, M.D., and Michael E. 
DeBakey, M.D. Price, $4.25. Pp. 465, with 56 illustrations and 51 tables. Medical Department, 
United States Army, Washington 25, D. C., 1955. 


Cancer of the Lung. By Milton B. Rosenblatt, M.D., and James R. Lisa, M.D., and others. 
Price, $15.00. Pp. 330, freely illustrated. Oxford University Press, 114 Fifth Ave., New 
York 11, 1956. 


The Diabetic’s Cookbook. By Clarice B. Strachan. Price, $6.50. Pp. 304. The Medical Arts 
Publishing Foundation, Houston, Texas, 1956. Distributed by University of Texas Press, 
Austin 12, Texas. 


A. M. A. Scientific Exhibits 1955. Sponsored by Council on Scientific Assembly, A. M. A. 
Price, $20.00. Pp. 784, profusely illustrated. Grune & Stratton, Inc., 381 Fourth Ave., 
New York 16, 1956. 


Personal Health Measures and Immunization, Vol. III. Edited by Col. John Boyd Coates, 
Jr. (MC), and Ebbe Curtis Hoff, Ph.D., M.D. Price, $3.25. Pp. 394, with 6 illustrations, 
29 tables, and 5 charts. Medical Department, United States Army, Washington 25, D. C., 
1955. 


Manuale di fisiopatologia. By Prof. Dott. A. Fieschi. Price, 8000 Lira. Pp. 718, with 83 
illustrations and many charts and tables. Edizioni Minerva medica, Corso Bramante 83 
(Casella postale 491), Torino 314, Italy, 1955. 
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The Interpretation of the Unipolar Electrocardiogram. By Gordon B. Myers, M.D. Price, 
$4.75. Pp. 164, with 24 illustrations. The C. V. Mosby Company, 3207 Washington Blvd., 
St. Louis 3, 1956. 


Soap and Detergent Industry. By Oliver M. Gale. Price, $1.00. Pp. 19, with one photograph. 
Bellman Publishing Company, P. O. Box 172, Cambridge 38, Mass., 1955. 


Report of the Sixteenth M & R Pediatric Research Conference: Retrolental Fibro- 
plasia; Role of Oxygen. Dr. Richard L. Day, Chairman. Pp. 62, with 20 illustrations and 
19 tables. M & R Laboratories, Columbus 16, Ohio, 1955. 


Farmacologia: Materia medica y terapeutica. Edited by Luis E. Camponovo and Alfredo 
J. Bandoni. Price, not given. Pp. 644, with several photographs, 7 illustrations, and many 
tables and charts. Lopez & Etchegoyen, S. R. L., Junin N. 863 (R. 20), Buenos Aires, 1955. 


Handbook of Toxicology: Vol. I. Acute Toxicities. Edited by William S. Spector. Price, 
$7.00. Pp. 408. W. B. Saunders Company, 218 West Washington Sq., Philadelphia 5, 1956. 


Pathologic Physiology: Mechanisms of Disease. Edited by William A. Sodeman, M.D., 
F.A.C.P. Price, $13.00. Pp. 963, with 173 illustrations. W. B. Saunders Company, 218 


West Washington Sq., Philadelphia 5, 1956. 


BOOK REVIEWS 


Surgical Physiology of Adrenal Cortex. By James D. Hardy, M.D. Price, $5.75. Pp. 191. 
Charles C Thomas, Publisher, 301-327 E. Lawrence Ave., Springfield, III., 1955. 


In this short book the author has summarized much of the present-day knowledge concerning 
the role of the adrenal cortex in the metabolic response to trauma and surgery. The literature 
on the subject is briefly reviewed, and many of the significant contributions which Dr. Hardy 
has made are detailed. The material is presented in easily readable form and is well organized 
and carefully documented. 

From a clinical viewpoint it would appear that preoperative assessment of the adrenal-corticoid 
response to epinephrine has little practical value, while testing with corticotropin (especially 
intravenously) is more rewarding in terms of predicting the postoperative course. The author 
has studied the metabolic response of patients to single operations, to staged operations, and tc 
extensive burns. Patients who were subjected to three-stage thoracoplasty reacted to the second 
and third operation as vigorously as to the first operation. However, convalescence after the 
third procedure seemed somewhat more prolonged than for a single operation, as indicated by 
the slow return of measured physiologic activities, the most striking of which was the prolonged 
decrease in 17-ketosteroid excretion. The stress imposed by severe burns was characterized by 
unusual depression in 17-ketosteroid excretion, increased corticoid activity, and prolonged absence 
of circulating eosinophiles. When circulating eosinophiles remain depressed in the postburn 
period it may signify a poor prognosis for survival. Studies on malnourished patients with cancer 
show that they may exhibit diminished adrenocortical response, but there is little evidence to 
suggest the need for hormonal replacement therapy except in very occasional cases. 

Adrenocortical hyperplasia, masculinizing adrenocortical carcinoma, and Cushing’s syndrome 
due to hyperplasia and adrenocortical tumors are discussed in some detail. 

The author states that subtotal and total adrenalectomy for essential hypertension has been 
carefully evaluated and appears to be of only moderate help. It must be used only in those cases 
in which renal failure does not complicate the clinical picture. Bilateral adrenalectomy gives 
some relief in about one-fifth of patients with advanced breast cancer. Such hormonal alteration 
is palliative and is applicable after other types of treatment have achieved their maximum effec- 
tiveness or can no longer be used. Adrenalectomy in cancer of the prostate is being investigated 
but seems to be of limited value. 
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The use of corticotropin and cortisone in surgical conditions is also briefly reviewed. These 
drugs are of value when given for adrenocortical insufficiency and for treatment of allergic 
states, certain blood dyscrasias, and the collagen diseases. These compounds have no established 
value in the prevention of intrapleural or intraperitoneal adhesions or in the treatment of patients 
with acute thermal burns or surgical infections. 


The “Surgical Physiology of Adrenal Cortex” is a valuable addition to the literature on 
endocrinology and will be of special interest to the surgeon. It is a fitting companion to Dr. 
Hardy’s previous book, “Fluid Therapy. Joun Armes Grus, M.D. 


Poet and Psychiatrists. By Henry W. Wells. Price, $5.00. Pp. 325. Twayne Publishers, 
Inc., 31 Union Square West, New York 3, 1955. 


A sonnet, ere the days of Merrill Moore 
Was looked upon as an accomplishment— 
To quarry blocks of words from mother lodes 
Haul them away from where they were before 
Hammer and chisel them till they were bent 
Into new combinations, different modes 

Then rearrange and polish, make them shine, 
Garnishing fresh ideas in fresher style. 

So hours and days, and sometimes weeks and years 
Were spent to make one sonnet superfine. 
Great poets made a few in a long while 

A task so difficult it caused them teurs. 

This has been rectified by Merrill Moore 

His day is wasted that yields not a score. 


How is it that this buccaneer of sonnets 
Continues almost profligate of rhyme 

Since he has other full time occupations 

As helping those confused, with bees and bonnets, 
(And psychiatric treatment feeds on time) 

By balancing depressions with elations. 

For recreation, when not writing verse 

He photographs the world from every angle 

In number matching sonnets with his snapshots. 
Great volume does not make their goodness worse. 
Conchology and finding shells that spangle 

A hobby that prevents reposeful nap plots. 

He is a husband, father, soldier, teacher, 
Physician, poet, everything but preacher. 


Whence comes this energetic cavalier 

Who can combine a dozen occupations 

And bring to each accomplishment its grace? 
The answer to his multiple career, 
Achievements in a hundred combinations, 

Is told by Henry Wells. He says the place 
To find the cause of his fecundity 

And his exuberance is in his verse. 
Autobiography most clearly tells. 

The South gave family, warmth and human pity, 
New England sharpened without making terse 
Their intertwining is described by Wells 

So in the end we learn just how from Merrill—He 
Writes wisely and enormously and merrily. 
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Veterans Administration Technical Bulletin, Ser. 10, Vol. 7, 1954. By various authors. 
Price, not given. Pp. 240. Veterans Administration, Washington 25, D. C., 1955. 


This collection of eleven monographs is similar in format to the more famous Technical 
Bulletins distributed by the Armed Forces to its medical officers during World War II. All were 
prepared by well-qualified persons, and each of the monographs represents a thorough, but 
frequently not an exhaustive, discussion of its subject. Each has adequate bibliographic annota- 
tions. 

Several of the monographs bring together complete analyses of specific disease entities. Thus, 
most of the recent advances in knowledge of leprosy are discussed by James A. Doull, while 
Gerald Klatskin similarly reviews leptospirosis. Another group of monographs discusses broad 
therapeutic principles which are pertinent to a number of diseases. In this group are a discussion 
of the general principles of psychotherapy by Edward A. Strecker, a discussion of dialysis in 
the treatment of uremia by William J. Kolft, a discourse on the pathogenesis and management of 
dehydration by Louis G. Welt, a review of the medical management of patients with intractable 
cancer by Ralph Jones Jr., and a brief discussion of the treatment of arterial hypertension by 
Henry A. Schroeder. Claud R. Joyner reviews the pathogenesis of coronary atherosclerosis and 
comments, somewhat optimistically, on the therapeutic implications of recent work. Harry B. 
Hudson, likewise, reviews recent advances in pathogenesis and treatment of tumors of the 
prostate gland. Charles E. Kossman comments on some basic principles of electrocardiography 
and vectorcardiography in a short article. The final article is a unique discussion of bacteremia 
by Ivan L. Bennett Jr. 

Each of these monographs brings together a tremendous amount of material in a well- 
organized, concise fashion and, hence, is of particular value to the busy practitioner. The dis- 
cussion by Bennett of bacteremia has unusual value, since it records a number of important 
practical points, many of them the result of his basic research in the study of fevers. Likewise, 
the concise discussion of dialysis is unusually valuable, since it contains an excellent discussion 
of its applications and limitations by a recognized pioneer in the field. 

This book is of particular value to the internist because of the general nature of the topic, 
the quality of the writing, and adequate bibliographies. It is indeed unfortunate, therefore, that 
the bound volumes are distributed only to medical libraries, authors, and reviewers, as is men- 
tioned in a foreword by Dr. William S. Middleton, Chief Medical Director of the Veterans 
Administration. Apparently, individual monographs are sent to physicians who specifically 
request them. Certainly these interesting and practical papers should be made available to a 


wide medical audience. WALTER M. KIRKENDALL, M.D. 


Collected Papers of the Mayo Clinic and the Mayo Foundation. Vol. 46, 1954. Edited 
by Richard H. Hewitt, B.A., M.A., M.D.; A. B. Nevling, M.D.; John R. Miner, B.A., 
Sc.D.; James R. Eckman, A.B., M.A., Ph.D.; M. Katharine Smith, B.A.; Carl M. Gambill, 
A.B., M.D., M.P.H.; Florence Schmidt, B.S.E., and George G. Stilwell, A.B., M.D. 
Price, $12.50. Pp. 843, with 189 illustrations. W. B. Saunders Company, 218 W. Washington 
Sq., Philadelphia 5; 7 Grape St., Shaftesbury Ave., London, W. C. 2, 1955. 


The foreword for the present volume, the forty-sixth of a series, states that the material was 
selected with the interests of the general practitioner, the general surgeon, and the diagnostician in 
mind. From 629 papers published between Dec. 1, 1953, and Nov. 30, 1954, 63 are republished in 
tull, 52 by abridgement, 20 by abstract, and 495 by title. This material is directed toward a 
broad audience certainly, for, as stated, “to present adequately the work of the Mayo Clinic and 
the Mayo Foundation” representative material of the specialties and the basic sciences is 
included. Subject material is presented under the broad headings of alimentary tract; genito- 
urinary tract; ductless glands; blood and circulating organs; dermatology; head, trunk, and 
extremities ; thorax ; brain, spinal cord, and nerves; radiology; physical medicine and rehabilita- 
tion; anesthesia, gas, and intravenous therapy, and miscellfanéous. Under Miscellaneous, dis- 
cussions of subjects from antibiotics to photomicrography appear. The papers are well edited and 
well illustrated and reflect the thoughts and efforts, either directly or indirectly, of scientifically 


and clinically mature persons. 
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The value of the volume is questioned as a reference source for the student’s or the 
physician’s library, for subject material inclusion is by chance and only a facet may be 
described. 

The volume makes pleasant reading, and almost any medical reader will benefit from contact 
with this work. Within the limitation described, the volume is recommended highly. 


Rosert C. Hickey, M.D. 


Peptic Ulcer Diagnosis and Treatment. By Clifford S. Barborka, M.D., and E. Clinton 
Texter Jr., M.D. Price, $7.00. Pp. 290, with 33 illustrations. Little, Brown & Company, 
34 Beacon St., Boston 6, 1955. 


The volume of literature on peptic ulcer and the recent development of many new remedies 
make it difficult for the practicing physician to keep up-to-date on this subject and to select the 
best treatment for his patients. Drs. Barborka and Texter state in the preface that their book is 
intended to overcome this difficulty by providing a practical concise handbook specifically for 
the practicing physician. 

They have achieved this purpose by providing all the necessary information in a highly 
readable form. The short chapters, each forming a complete essay on a different aspect of 
peptic ulcer, will be particularly appreciated by those who have to do much of their reading 
in the short intervals available between other commitments. Although lengthy discussion of 
controversial subjects has been deliberately avoided, each chapter is accompanied by an 
excellent bibliography for those who wish to make a more detailed study of any particular 
aspect of the peptic ulcer problem. By devoting the final chapter to gastric ulcer and its relation- 
ship to cancer, the authors have succeeded in impressing the reader with the importance of this 
problem, and he is left with a clear summary of current opinion on management of these cases. 

The appendix provides a number of suggested recipes and menus which should be of value 
in helping the physician to prescribe the varied and appetizing diet which the authors recognize 
as an important factor in helping patients maintain long-term management and in the prevention 
of relapses. 

A point for correction in further printings or editions is that two of the illustrative x-rays 
have appeared upside down. The minor inconvenience of inverting the book does not, however, 
detract from their value as illustrations of the text. 


GeorcE H. M. Tuornton, M.A., M.B., Ch.B., M.R.C.P.E. 


Practitioner’s Conference Held at New York Hospital-Cornell Medical Center. Edited 
by Claude E. Forkner, M.D. Price, not given. Pp. 411. Appleton-Century-Crofts, Inc., 
35 W. 32d St., New York 1, 1955. 

This book reports a series of conferences which were organized particularly for postgraduate 
education of the physicians in the greater New York area under the able leadership of Dr. 
Forkner. The subjects range through influenza and atypical pneumonia, the harmful effects of 
tobacco, coronary thrombosis, asthma, and a variety of other clinical problems to disorders of 
the feet. Dr. Forkner has chosen his panels from the talent of the whole New York area, and 
for the most part the contributions are interesting and instructive. 

The teaching value to those present at a conference where patients and their problems are 
discussed by informed and nimble minds is unquestioned. On the other hand, conferences, even 
under able chairmanship, may degenerate into exercises in which the occasional “pearl” that may 
develop is lost in a plethora of loose talk and loose thinking. On p. 342 a question from Dr. 
Forkner as to why the panel member does not agree with the idea taught in most textbooks and 
in many hospitals in New York City and Boston that carbohydrates should be restricted in 
diabetes brings out the following reply: “I am just saying ‘Don’t give them concentrated sweets’ 
because I was brought up in the school where sweets were absolutely taboo. Even though I 
know from experience now that they are not taboo, yet something in me holds me back, and I 
know it is wrong. Now that is exactly the same reason for the traditional therapy of diabetes. In 
Boston they have done that for 30 years, and there is no reason for changing because they think 
they have very good results, and I am sure that their patients do very well. They certainly do 
not enjoy life nor have the freedom of people who live like normal human beings, but nevertheless 
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they live.” etc., etc. It is understandable that such irresponsible kind of talk might not have been 
meant by the speaker—but, if so, why publish it? 

Fortunately, most of the conferences are well organized and well presented. For the internist 
who has a casual acquaintance with the textbook and scientific journal contributions of the 
teachers who participated in the Cornell conferences, the opportunity to see them at work in the 
clinic through these pages will prove intriguing. I was particularly impressed by the informative 
and straight-talking discussions of Horsfall on influenza and primary atypical pneumonia; C. P. 
Rhoads, Karnofsky, and Burchenal on the newer agents for cancer; John Paul and Philip 
Stimson on anterior poliomyelitis—though the contributions of many others are equally deserving 
of special mention. 

Dr. Forkner is to be congratulated on having induced a distinguished group of his colleagues 
to put together such an instructive group of conferences, and his own direction of the discussions 


played no small part in their success. Pauw S. Ruoaps, M.D. 


Cardiac Auscultation: Including Audio-Visual Principles. By J. Scott Butterworth, 
M.D.; Maurice R. Chassin, M.D., and Robert McGrath, M.D. Price, $4.50. Pp. 111, 
with 54 illustrations. Grune & Stratton, Inc., 381 Fourth Ave., New York 16, 1955. 


The authors of this book are justifiably recognized for their development and popularization of 
equipment for the combined audiovisual study of cardiac auscultation. No one familiar with 
this equipment can fail to appreciate the impact of simultaneously seeing what one hears through 
the stethoscope. This book is the outgrowth of their experience in teaching clinical auscultation 
by this method. 

The book contains much of the standard information expected from any discussion of the 
subject. However, the departures are praiseworthy. 

Most textbooks in physical diagnosis outline the physical principles of sound either so 
superficially or so complexely that the average student soon loses interest in incorporating this 
basic information into his everyday and life-long analysis of cardiac auscultation. The discussion 
in this book is concise, clear, and meaningful. The classfication of murmurs simply as pathologic 
and nonpathologic is especially commendable. The majority of the more than fifty illustrations 
are faithfully reproduced stethograms. Portable audiovisual equipment is described which is 
practical for use by individuals and small groups. The sound recordings from which the 
stethographic illustrations in the book were made are available and when combined with the 
study of the book provide a lasting educational experience. Even without the sound recordings, 
the book has special merit. Physicians, teachers, and medical students alike will benefit from 
this fresh approach to a subject basic to the practice of medicine. L. E. January, M.D. 
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confirms and defines its advantages 
in the treatment of HYPERTENSION 


® Rauwiloid represents the balanced, mutually potentiated 
actions! of several Rauwolfia alkaloids, of which reserpine and 
the equally antihypertensive rescinnamine have been isolated. 


® Hence, reserpine is not the total active antihypertensive prin- 
ciple of the rauwolfia plant. 


®@ Rauwiloid is freed of the undesirable alkaloids of the whole 
rauwolfia root. Recent investigations confirm the desirability 
of Rauwiloid (because of the balanced action of its contained 
alkaloids) over single alkaloidal preparations; ‘*... mental depres- 
sion...was...less frequent with alseroxylcn...’’ 


The dose-response curve of Rauwiloid is flat, 
and its dosage is uncomplicated and easy to 
prescribe...merely two 2mg. tablets at bedtime. 


1. Cronheim, G., and Toekes, I. M.; Comparison of Sedative Properties of Single 
Alkaloids of Rauwolfia and Their Mixtures, Meet. Am. Soc. Pharmacol. & Exper. 
Therap., Iowa City, Iowa, Sept. 5, 1955. 

2. Moyer, J. H.; Dennis, E., and Ford, R.: Drug Therapy (Rauwolfia) of Hyperten- 
sion. 11. A Comparative Study of Different Extracts of Rauwolfia When Each Is Used 
Alone (Orally) for Therapy of Ambulatory Patients with Hypertension, A.M.A. 
Arch. Int. Med. 96:530 (Oct.) 1955. 


Rauwiloid is the original alseroxylon fraction of India-grown 
Rauwolfia serpentina, Benth., a Riker research development. 


Riker 
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A NEW SERIES IN 


Titles in the new series | 


®@ PARENTS’ PRIVILEGE 
for parents of young children 
of pre-school and early 
school age 


© A STORY ABOUT YOU 


for children in grades 4, 5, and 6 


® FINDING YOURSELF } «4 
for boys and girls of “& 


épproximately junior high 
school age 


® LEARNING ABOUT LOVE 


for young people 
of both sexes (about 16 to 


20 years of age) ..” 


® FACTS AREN'T ENOUGH 


for adults who have any 


responsibility for children 
or youth that may create 


need for an understanding 
of sex education 


PRICES 


Note: Discounts apply to 
quantities of any single title, 
or to quantities of sets. 


Quantity Discount Price 


$ 

10 10% 4.50 
25 30% 8.75 
50 40% 15.00 
100 50% 25.00 
1000 60% 200.00 


Set of 5 titles, $2.25. 


Distributed By 
Order Department 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St. 
Chicago 10, Ill. 


EDUCATION 


ORDER BLANK 


Enclosed is $_____(no stamps) for the following pamphlet(s): 
Title Quantity 
1. PARENTS’ PRIVILEGE 
2. A STORY ABOUT YOU 
3. FINDING YOURSELF 
4. LEARNING ABOUT LOVE 
5. FACTS AREN’T ENOUGH 
Complete set of five 


Please send pamphlet(s) to: 
(Please Print) 


Name 
Street 
City. 


Zone State 
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but awake 


In emotional and nervous disorders, 
Mebaral exerts its calming influence 
without excessive hypnotic action. 


Mebaral is also a reliable anticonvulsant. 


INDICATIONS: 


Because of its high degree of sedative 
effectiveness, Mebaral finds a great field 
of usefulness in the regulation of 
agitated, depressed or anxiety states, 

as well as in convulsive disturbances. 
Specific disorders in which the calming 
influence of Mebaral is indicated 
include neuroses, mild psychoses, nervous 
symptoms of the menopause, hyper- 
tension, hyperthyroidism and epilepsy. 


for sedation 


Tasteless TA 


Sedative: 
32 mg. (% grain) and 
new 50 mg. (% grain) 


Antiepileptic: 
0.1 Gm. (1% grains) 
and 0.2 Gm. (3 grains) 


LETS 


WINTHROP LABORATORIES New York 18, N.Y., Windsor, Ont. 


Mebaral, trademark reg. U. S. & Canada, brand of mephobarbital 
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CORRECT 
CONSTIPATION... 
RESTORE 

HABIT TIME 

OF BOWEL 


MOVEMENT 
PETROGALAR* 


Aqueous Suspension of Mineral Oil, Plain 


Bottles of 1 Pint 


7, 


A RY 


Replicas of 16th Century Apothecary Jars, Hand Decorated and Reproduced 
in Authentic Antique Designs and Colors 


You'll want these Apothecary Jars as added decor _ Petite (5” x 2%”) 
to your office as well as decorative additions to your 


Write for full-color illustrated catalog page giving 


home. detailed information including various prices, de- 
DeLuxe Series (10” x 534”) signs and inscriptions. 
Royalty Series (104%” x 4144”) Special discounts to Physicians. 


Decorette (8” x 3”) 


ALBIN ENTERPRISES, 1401-IM West 8th St., Los Angeles 17, California 


# 
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DOCTOR, 


TO AID YOUR FIGHT AGAINST THE 


IGNORANCE AND FEAR OF CANCER, 

THE AMERICAN MEDICAL ASSOCIATION 

HAS PUBLISHED FOUR PAMPHLETS 
WRITTEN FOR THE LAYMAN .... 


ideal for 
waiting room 
or interested patients 


YOUR DEFENSES AGAINST CANCER 

by Claire Holland Vas Dias 

12 pages, 15 cents 
Stresses the importance of regular check-ups, immediate 
care of cancer, and describes symptoms to look for. 


CANCER OF THE LIP 

by Annette Rich 

8 pages, 15 cents 
Explains the process of removing lip cancer and the 
high ratio of complete cures . . . also includes age 
groups and causes. 


THE CURED CANCER CLUB 

by Burton H. Wolfe 

4 pages, 10 cents 
Describes a club of 55 members in Washington, D. C., 
organized to help other cancer victims. 


WHEN CANCER IS NOT GUILTY 

by Russell S. Ferguson 

12 pages, 15 cents 
Six case histories of cancer on trial, with quackery and 
fear the real killer. 


write to: 


A.M.A. BUREAU OF HEALTH EDUCATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 
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single 


sulfonamide 


specifically for 


urinary tract 


infections 


divect / effective 
“THIOSULFIL. 


Brand of sulfamethizole 


greater solubility 
means vapid 
action with 
minimum side effects 


AYERST LABORATORIES 
New York, N. Y. * Montreal, Canada 
5652 
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Correct 
constipation... 
Restore 
HABIT TIME 
of bowel 
movement 
PETROGALAR’| 


Aqueous Suspension of Mineral Oil, Plain 


Philadelphia 1, Pa. Bottles of 1 pint 


take the (twtenream out of waiting 


MAKE YOUR READING RACKS COMPLETE 
WITH A VARIETY OF PAMPHLETS 
TO INTEREST YOUR PATIENTS... 


An extensive selection of subjects, ranging from allergies to weight control. 
. . . Low single copy prices with liberal discounts on quantity orders: 


10% 

30% 

CATALOG FREE 40% 


BUREAU OF HEALTH EDUCATION 
AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET « CHICAGO 


10, ILLINOIS 
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in prothrombin 


dtetinations | 


the test of consistency 


Take three vials of Simplastin and three of 
any other thromboplastin. Test each of the 
six vials on the plasma from a patient who is 
is at present undergoing anticoagulation 
therapy. 


You will be impressed by the uniform pro- 
thrombin time values obtained with Simplas- 
tin. 


Simplastin passes this test of consistency, 
easily and always, because it is rigidly stand- 


ardized against both normal and dicoumar- 
olized plasmas, whole and in dilution. 


Specially prepared thromboplastin-calcium, 
Simplastin is easy to use: just add distilled 
water. Sodium chloride and calcium chloride 
are already preadjusted to optimum levels, 
eliminating loss of time and errors arising 
from frequent manipulation. 


Supplied in boxes of 10: 6-determination or 
20-determination vials. 


SI m p A a sti n simple for the technician 


accurate for the clinician 


three 20-determination vials of Simplastin. 


Without obligation on my part, please send me 


INSTITUTION 


ADDRESS 


» rigidly standardized) 
» ready-to-use addition of disti 


st.. 


AMES COMPANY, INC 
‘Ames of 


: 
results you can tri 
— the urine-sugar test with the Laboratory-Controlled c 
— in the clin 
- ICaily SI nif 
— ‘race reactions that cp 
— - | | at confuse 
correlation with quantitative tests 


THE MILTOWN MOLECULE 


Two articles in the April 30th issue of The Journal of the AMA!2 report on... 


an entirely new type of tranquilizer 
with muscle relaxant action—orally effective in 


ANXIETY, TENSION 
and MENTAL STRESS 


@ no autonomic side effects—well tolerated 
@ selectively affects the thalamus 
@ not related to reserpine or other tranquilizers 


@ not habit forming, effective within 30 minutes 
for a period of 6 hours 


@ supplied in 400 mg. tablets. Usual dose: 
1 or 2 tablets—3 times a day 


1. Selling, L. S.; J.A.M.A. 157: 1594, 1955. 2. Borrus, J. C.: J.A.M.A. 157: 1596, 1955. 
the original meprobamate—2-methy!-2-n-propy!-1,3-propanedio! dicarbamate—U. S. Patent 2,724,720 


Literature and Samples Available On Request 


DISCOVERED AND INTRODUCED by Wallace Laboratories, New Brunswick, N.dJ. Ga 
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a single dose provides 


*round-the-clock 


reserpine effect 


reserpine, S.K.F. 


SPANSULE 


sustained release capsules, S.K.F. 


0.25 mg. 0.50 mg. 


made only by 
Smith, Kline & French Laboratories, Philadelphia 


first J in sustained release 


oral medication 


* Trademark 
+T.M. Reg. U.S. Pat. Off. 
Patent Applied For. 
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